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NOVEL MOLECULES OF THE CARD-RELATED PROTEIN 
5 FAMILY AND USES THEREOF 

Cross Reference to Related Applications 
This application is a continuation-in-part of U.S. application serial no. 
09/685,791, filed October 10, 2000, which is a continuation-in-part of U.S. application 
10 serial no. 09/513,904, filed February 25, 2000, which is a continuation-in-part of 

application serial no. 09/507,533, filed February 18, 2000, which claimed priority from 
provisional application serial no. 60/168,780, filed December 3, 1999. The content of 
each of these applications is herein incorporated by reference. 

15 Background of the Invention 

In multicellular organisms, homeostasis is maintained by balancing the rate of cell 
proliferation against the rate of cell death. Cell proliferation is influenced by numerous 
growth factors and the expression of proto-oncogenes, which typically encourage 
progression through the cell cycle. In contrast, numerous events, including the 

20 expression of tumor suppresser genes, can lead to an arrest of cellular proliferation. 

A particular type of cell death called apoptosis occurs in differentiated cells when 
an internal suicide program is activated. This program can be initiated by a variety of 
external signals as well as signals that are generated within the cell in response to, for 
example, genetic damage. For many years, the magnitude of apoptotic cell death was not 

25 appreciated because the dying cells are quickly eliminated by phagocytes, without an 
inflammatory response. 

The mechanisms thatmediate apoptosis.have been intensively studied. These 
mechanisms involve the activation of endogenous proteases, loss of mitochondrial 
function, and structural changes such as disruption of the cytoskeleton, cell shrinkage, 

30 membrane blebbing, and nuclear condensation due to degradation of DNA. 

The various signals that trigger apoptosis are thought to bring about these events 
by converging on a common cell death pathway, the core components of which are 
highly conserved from worms, such as C. elegans, to humans. In fact, invertebrate model 
systems have been invaluable tools in identifying and characterizing the genes that 

35 control apoptosis. Despite this conservation of certain core components, apoptotic 
signaling in mammals is much more complex than in invertebrates. For example, in 

1 
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mammals there are multiple homologues of the core components in the cell death 
signaling pathway. 

Caspases, a class of proteins central to the apoptotic program, are responsible for 
the degradation of cellular proteins that leads to the morphological changes seen in cells 
5 undergoing apoptosis. Caspases are cysteine proteases having specificity for aspartate at 
the substrate cleavage site. Generally, caspases are classified as either initiator caspases 
or effector caspases, both of which are zymogens that are activated by proteolysis that 
generates an active species. An effector caspase is activated by an initiator caspase 
which cleaves the effector caspase. Initiator caspases are activated by an autoproteolytic 

10 mechanism that is often dependent upon oligomerization directed by association of the 
caspase with an adapter molecule. 

Apoptotic signaling is dependent on protein-protein interactions. At least three 
different protein-protein interaction domains, the death domain, the death effector domain 
and the caspase recruitment domain (CARD), have been identified within proteins 

15 involved in apoptosis. A fourth protein-protein interaction domain, the death recruiting 
domain (DRD) was recently identified in murine FLASH (Imai et al. (1999) Nature 
398:777-85). 

Many caspases and proteins that interact with caspases possess a CARD domain. 
Hofmann et al. ((1 997) TIBS 22: 1 55) and others have postulated that certain apoptotic 
20 proteins bind to each other via their CARD domains and that different subtypes of CARD 
domains may confer binding specificity, regulating the activity of various caspases, for 
example. 

Nuclear factor-KB (NF-kB) is a transcription factor that is expressed in many cell 
types and activates genes that have NF-kB sites in their promoters. Molecules that 

25 regulate NF-kB activation play a critical role in both apoptosis and in the stress-response 
of cells. With respect to stress-reponse, NF-kB activates genes that control immune 
defense mechanisms and inflammation. The CARD-containing proteins RICK, CARD-4 
and Bel- 10 also induce activation of the NF-kB transcription factor suggesting that 
CARD/CARD signaling complexes regulate activation of the IKK complex (Inohara et 

30 al. 1998 Proc. Natl Acad ScL USA 273:12296; Bertin et al. 1999 7. Biol. Chem. 
224:12955; Willis et al. 1999 Cell 96: 33). In unstimulated cells, NF-kB is found 
sequestered in the cytoplasm through interactions with inhibitory IkB proteins. Inhibition 
is relieved by the phosphorylation and proteosomal degradation of IkB proteins by 
proinflammatory cytokines. Phosphorylation is mediated by the IKK complex which is 

35 comprised of at least three major proteins: two kinases designated IKKa and IKKP that 
directly phosphorylate the IkB inhibitory proteins, and a noncatalytic subunit called IKKy 



2 
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that functions to link the IKKs to upstream regulatory molecules (Zhang et al., 2000). 
Recently, RICK has been found to function as upstream regulatory molecules of the IKK 
complex (Inohara et al. 2000 /. Biol Chem. 275:27823). RICK interacts directly with 
IKKy suggesting that it functions as signaling adaptor between the IKK complex and an 
5 upstream CARD-containing NF-kB activator. Indeed, CARD-4 forms a CARD/CARD 
signaling complex with RICK that induces activation of the IKK complex and the 
subsequent release of NF-kB (Bertin et al. 1999 J. Biol Chem. 224:12955; Inohara et al. 
1999 J. Biol Chem. 274:14566; Inohara et al. 2000 J. Biol Chem. 275:27823). 

At least two dozen stimuli that activate NF-kB are known, including cytokines, 

10 protein kinase C activators, oxidants, viruses, and immune system stimuli. NK-kB is 
stimulated via signaling through the tumor necrosis factor family receptors (TNFRs) and 
the interleukin-l/Toll receptor. Tumor necrosis factor family members bind to their 
cognate receptors, including Fas (CD95/APO-1), TRAMP (DR3/WSL-1/AIR/LARD), 
CD37, CD30, CD40, TNFR1 and TNFR2, and regulate apoptosis, cell proliferation, and 

15 proinflammatory responses. For example, the proinflammatory cytokines TNF-a and IL- 
1 induce NF-kB activation by binding their cell-surface receptors and activating the NF- 
KB-inducing kinase, NIK. In the case of TNF-a, binding to TNF-R1 induces aggregation 
of its death domain and assembly of a signaling complex containing TRADD, TRAF2, 
and RIP. Binding of IL-1 to its receptor, DL-1R, induces aggregation of the receptor and 

20 assembly of a signaling complex which includes AcP, MyD88, IRAKI, ERAK2, and 
TRAF6. Both the TNF-R1 complex and the IL-1R complex trigger activation of NIK. 
Activated NIK phosphorylates the DcB kinases DcB -a and DcB-b which phosphorylate 
DcB, leading to its degradation and, as a consequence, the activation of NF-kB. 

Fas, a cell surface receptor that is a member of the TNFR family, can induce 

25 apoptosis upon binding with its ligand, FasL (CD95L). Fas interacts with FADD 
(MORT) via death domains present in both proteins. When bound to Fas, FADD 
interacts with caspase-8. (ELICE/MACH/Mch5) through death effector domains present 
in both proteins. The complex of Fas, FADD and caspase-8 is referred to as the death- 
inducing signaling complex (DISC). Recently, FLASH, a protein having a DRD as well 

30 as a CED-4-like domain, has been identified as a component of DISC that is required for 
caspase-8 activation during Fas-mediated apoptosis (Imai et al. (1999) Nature 
398:777-85). In the DISC, caspase-8 undergoes oligomerization-dependent 
autoproteolysis, leading to activation. Activated caspase-8 cleaves several effector 
caspases; including caspase-3, caspase r 6, and caspase-7, by proteolytic cleavage. These 

35 effector caspases cleave various death substrates involved in the morphological changes 
and DNA fragmentation that is central to apoptosis. 
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Transient expression of FLASH activates caspase-8. However, a truncated form 
of FLASH lacking either its DRD or CED-4-like domain does not allow activation of 
caspase-8 or Fas-mediated apoptosis. Thus, it appears that FLASH is involved in both 
Fas- and TNF-induced apoptosis mediated by activated caspase-8 (Imai et al. (1999) 
5 Nature 398:777-85). 

Bcl-10 (mElO/CIPER/CLAP/c-CARMEN) is a CARD domain containing pro- 
apoptotic protein that induces NF-kB activation (Koseki et al. (1999) J. Biol. Chem. 
274:9955-61; Yan et al. (1999) J. Biol. Chem. 274:10287-92; Thome et al. (1999) J. Biol. 
Chem. 274:9962-68; Srinivasula et al. (1999)7. Biol Chem. 274:17946-54)). Bcl-10 

10 activates NF-kB by acting upstream of NIK and DcB kinase (Srinivasula et al., supra). 
Significantly, Bcl-10 is involved in t(l;14)(p22;q23) of MALT B cell lymphoma (Willis 
et al. (1999) Cell 96:35-45; Zhang et al. (1999) Nat. Genet. 22:63-8). Bcl-10 expressed 
in MALT lymphoma exhibits a frameshift mutation that causes truncation of Bcl-10 
distal to its CARD domain. The truncated form of Bcl-10 activates NF-kB, but does not 

15 induce apoptosis (Willis et aL (1999) Cell 96:35-45). Expression of NF-kB is associated 
with suppression of apoptosis and increased cell survival in certain systems. Thus, 
mutant Bcl-1 0 may promote continued cell proliferation by two different mechanisms. 
Bcl-1 0 mutations similar to that observed in MALT lymphoma occur in many other 
tumor types, suggesting that Bcl-10 may be commonly involved in malignancy. Bcl-10 

20 has a bipartite structure consisting of an N-terminal CARD domain and a C-terminal 
effector domain that mediates activation of NF-kB. 

Murine FLASH is a protein involved in Fas-mediated activation of caspase-8 
during apoptosis (Imani et al. (1999) Nature 398:777-85). Transient expression of 
murine FLASH activates caspase-8. It appears that the DRD domain (amino acids 1584- 

25 1751) and the CED-4-like domain (amino acids 939-1 191) of murine FLASH are 
required for activation of caspase-8. 

„NF-kB and the NF-kB pathway have been implicated in mediating chronic 
inflammation in inflammatory diseases such as asthma, ulcerative colitis, rheumatoid 
arthritis (Epstein (1997) New England Journal of Medicine 336:1066) and inhibiting 

30 NF-kB or NF-kB pathways may be an effective way of treating these diseases. NF-kB 
and the NF-kB pathway have also been implicated in atherosclerosis (Navab et al. (1995) 
American Journal of Cardiology 76:18C), especially in mediating fatty streak formation, 
and inhibiting NF-kB or NF-kB pathways may be an effective therapy for atherosclerosis. 
Among the genes activated by NF-kB are cIAP- 1 , cIAP-2, TRAF1 , and TRAF2, all of 

35 which have been shown to protect cells from TNF-ct induced cell death (Wang et al. 
(1998) Science 281:1680-83). 
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Summary of the Invention 
The invention features nucleic acid molecules encoding rat CARD-9, human 
CARD-9, human CARD- 10, and human CARD-11. These proteins, like many others 
5 having a CARD domain, play roles in apoptotic and inflammatory signaling pathways. 
CARD-9, CARD-10, and CARD-1 1 participate in the network of interactions that 
modulate caspase activity. Upon activation, CARD-9, CARD-10, and CARD-1 1 likely 
bind and activate a CARD containing protein via a CARD-CARD interaction leading to a 
modulation of apoptosis and or stress related pathways (e.g., NF-kB activation). 

10 CARD-9, CARD-1 0, and CARD-1 1 molecules are useful as modulating agents in 

regulating a variety of cellular processes including cell growth and cell death. In one 
aspect, this invention provides isolated nucleic acid molecules encoding CARD-9, 
CARD-10, or CARD-1 1 proteins or biologically active portions thereof, as well as 
nucleic acid fragments suitable as primers or hybridization probes for the detection of 

1 5 CARD-9, CARD-1 0, or CARD- 1 1 encoding nucleic acids. 

The invention encompasses methods of diagnosing and treating patients who are 
suffering from a disorder associated with an abnormal level or rate (undesirably high or 
undesirably low) of apoptotic cell death, abnormal activity of the Fas/APO-1 receptor 
complex, abnormal activity of the TNF receptor complex, or abnormal activity of a 

20 caspase by administering a compound that modulates the expression of CARD-9, CARD- 
10, or CARD-1 1 (at the DNA, mRNA or protein level, e.g., by altering mRNA splicing) 
or by altering the activity of CARD-9, CARD-10, or CARD-1 1 . Examples of such 
compounds include small molecules, antisense nucleic acid molecules, ribozymes, and 
polypeptides. 

25 Certain disorders are associated with an increased number of surviving cells, 

which are produced and continue to survive or proliferate when apoptosis is inhibited or 
occurs at an undesirably low rate. CARD-9, CARD-10, or CARD-1 1 and compounds 
that modulate the expression or activity of CARD-9, CARD-10, or CARD-1 1 can be used 
" to treat or diagnose such disorders. These disorders include cancer (particularly follicular 

30 lymphomas, chronic myelogenous leukemia, melanoma, colon cancer, lung carcinoma, 
carcinomas associated with mutations in p53, and hormone-dependent tumors such as 
breast cancer, prostate cancer, and ovarian cancer). Such compounds can also be used to 
treat viral infections (such as those caused by herpesviruses, poxviruses, and 
adenoviruses). Failure to remove autoimmune cells that arise during development or that 

35 develop as a result of somatic mutation during an immune response can result in 

autoimmune disease. Thus, autoimmune disorders can be caused by an undesirably low 
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levels of apoptosis. Accordingly, CARD-9, CARD- 10, or CARD- 1 1 and modulators of 
CARD-9, CARD-10, or CARD-1 1 activity or expression can be used to treat autoimmune 
disorders (e.g., systemic lupus erythematosis, immune-mediated glomerulonephritis, and 
arthritis). 

5 Many diseases are associated with an undesirably high rate of apoptosis. CARD- 

9, CARD-10, or CARD-1 1 and modulators of CARD-9, CARD-10, or CARD-1 1 
expression or activity can be used to treat or diagnose such disorders. For example, 
populations of cells are often depleted in the event of viral infection, with perhaps the 
most dramatic example being the cell depletion caused by the human immunodeficiency 

10 virus (HIV). Surprisingly, most T cells that die during HIV infections do not appear to be 
infected with HIV. Although a number of explanations have been proposed, recent 
evidence suggests that stimulation of the CD4 receptor results in the enhanced 
susceptibility of uninfected T cells to undergo apoptosis. A wide variety of neurological 
diseases are characterized by the gradual loss of specific sets of neurons. Such disorders 

15 include Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis (ALS) 
retinitis pigmentosa, spinal muscular atrophy, and various forms of cerebellar 
degeneration. The cell loss in these diseases does not induce an inflammatory response, 
and apoptosis appears to be the mechanism of cell death. In addition, a number of 
hematologic diseases are associated with a decreased production of blood cells. These 

20 disorders include anemia associated with chronic disease, aplastic anemia, chronic 
neutropenia, and the myelodysplastic syndromes. Disorders of blood cell production, 
such as myelodysplastic syndrome and some forms of aplastic anemia, are associated 
with increased apoptotic cell death within the bone marrow. These disorders could result 
from the activation of genes that promote apoptosis, acquired deficiencies in stromal cells 

25 . or hematopoietic survival factors, or the direct effects of toxins and mediators of immune 
responses. Two common disorders associated with cell death are myocardial infarctions 
and stroke. In both disorders, cells within the central area of ischemia, which is produced 
in the event of acute loss of blood flow, appear to die rapidly as a result of necrosis. 
However, outside the central ischemic zone, cells die over a more protracted time period 

30 and morphologically appear to die by apoptosis. 

Proteins containing a CARD domain are thought to be involved in various 
inflammatory disorders. Accordingly, CARD-9, CARD-10, or CARD-1 1 polypeptides, 
nucleic acids and modulators of CARD-9, CARD-10, or CARD-1 1 expression or activity 
can be used to treat immune disorders. Such immune disorders include, but are not 

35 limited to, chronic inflammatory diseases and disorders, such as Crohn's disease, reactive 
arthritis, including Lyme disease, insulin-dependent diabetes, organ-specific 
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autoimmunity, including multiple sclerosis, Hashimoto's thyroiditis and Grave's disease, 
contact dermatitis, psoriasis, graft rejection, graft versus host disease, sarcoidosis, atopic 
conditions, such as asthma and allergy, including allergic rhinitis, gastrointestinal 
allergies, including food allergies, eosinophilia, conjunctivitis, glomerular nephritis, 
5 certain pathogen susceptibilities such as helminthic (e.g., leishmaniasis), certain viral 
infections, including HTV, and bacterial infections, including tuberculosis and 
lepromatous leprosy. 

In addition to the aforementioned disorders, CARD-9, CARD-10, or CARD-1 1 
polypeptides, nucleic acids, and modulators of CARD-9, CARD-10, or CARD-1 1 

10 expression or activity can be used to treat disorders of cell signaling and disorders of 
tissues in which CARD-9, CARD-10, or CARD-1 1 is expressed. 

The invention features a nucleic acid molecule which is at least 45% (or 55%, 
65%, 75%, 85%, 95%, or 98%) identical to the nucleotide sequence shown in SEQ ID 
NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ 

15 ID NO:10, SEQ ID NO:12, the nucleotide sequence of the cDNA insert of the plasmid 

deposited with the ATCC as Accession Number (the "cDNA of ATCC "), 

the nucleotide sequence of the cDNA insert of the plasmid deposited with the ATCC as 

Accession Number (the "cDNA of ATCC "), the nucleotide sequence of 

the cDNA insert of the plasmid deposited with the ATCC as Accession Number 

20 (the "cDNA of ATCC "), the nucleotide sequence of the cDNA insert of the 

plasmid deposited with the ATCC as Accession Number (the "cDNA of ATCC 

•'), or a complement thereof. 

The invention feature s a nucleic acid m olecule which includes a fragment of at 

least 150 (300, 325, 350, 375, 400, 425, 450, 500, 550, 600, 650, 700, 800, 900, 1000, 

25 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400, 3600, 3800, 
4000, 4200, or 4250) nucleotides of the nucleotide sequence shown in SEQ ID NO:l, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7,-SEQ ID NO:9, SEQ ID 

NO:10, SEQ ID NO:12, the nucleotide sequence of the cDNA of ATCC , the 

nucleotide sequence of the cDNA of ATCC , the nucleotide sequence of the cDNA 

30 of ATCC , the nucleotide sequence of the cDNA of ATCC , or a complement 

thereof. 

In an embodiment, a CARD-9 nucleic acid molecule has the nucleotide sequence 
shown in SEQ ID NO:l, SEQ ID NO:3, or the nucleotide sequence of the cDNA of 
ATCC . 
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Also within the invention is a nucleic acid molecule which encodes a fragment of 
a polypeptide having the amino acid sequence of SEQ ID NO:2 or the polypeptide 
encoded by the cDNA of ATCC . 

The invention includes a nucleic acid molecule which encodes a naturally 
5 occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ ID 
NO:2, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule consisting 

of SEQ ID NO:l, SEQ ED NO:3, or the cDNA of ATCC under stringent 

conditions. 

In general, an allelic variant of a gene will be readily identifiable as mapping to 

10 the same chromosomal location as said gene. 

The invention also includes a nucleic acid molecule encoding a naturally 
occurring polypeptide, wherein the nucleic acid hybridizes to a nucleic acid molecule 
consisting of SEQ ID NO:3 under stringent conditions (e.g., hybridization in 6X sodium 
chloride/sodium citrate (SSC) at about 60°C, followed by one or more washes in 0.2 X 

15 SSC, 0.1% SDS at 65°C), and wherein the nucleic acid encodes a polypeptide of 533-539 
amino acids in length, preferably 536 amino acids, having a molecular weight of 
approximately 62.2 kD prior to post-translational modifications. Thus, the invention 
encompasses a nucleic acid molecule which includes the sequence of the protein coding 
region of a naturally occurring mRNA (or the corresponding cDNA sequence) that is 

20 expressed in a human cell. 

Also within the invention are: an isolated CARD-9 protein having an amino acid 
sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% identical to the 
amino acid sequence of SEQ ID NO:2, or the amino acid sequence encoded by the cDNA 
of ATCC ; an isolated CARD-9 protein having an amino acid sequence that is at 

25 least about 65%, preferably 75%, 85%, 95%, or 98% identical to the CARD domain of 
SEQ ID NO:2 (e.g., about amino acid residues 7-98 of SEQ ID NO:2); an isolated 
CARD-9 protein having an ammo-acid sequence that is at least about 65%, preferably 
75%, 85%, 95%, or 98% identical to the coiled-coil domain of SEQ ID NO:2 (e.g., about 
- amino acid residues 140-416 of SEQ ID NO:2); an isolated CARD-9 protein having an 

30 amino acid sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% 

identical to the indole-3-glycerol phosphate synthase homology domain of SEQ ID NO:2 
(e.g., about amino acid residues 197-213 of SEQ ID NO:2); and an isolated CARD-9 
protein having an amino acid sequence that is at least about 65%, preferably 75%, 85%, 
95%, or 98% identical to the cysteine rich repeat homology domain of SEQ ID NO:2 

35 (e.g., about amino acid residues 285-338 of SEQ ID NO:2). 
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In an embodiment, a CARD-9 nucleic acid molecule has the nucleotide sequence 
shown in SEQ ID NO:4, SEQ ID NO:6, or the nucleotide sequence of the cDNA of 
ATCC . 

Also within the invention is a nucleic acid molecule which encodes a fragment of 
5 a polypeptide having the amino acid sequence of SEQ ID NO:5 or the polypeptide 

encoded by the cDNA of ATCC . 

The invention includes a nucleic acid molecule which encodes a naturally 
occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ ID 
NO:5, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule consisting 

1 0 of SEQ ID NO:4, SEQ ED NO:6, or the cDNA of ATCC under stringent 

conditions. 

In general, an allelic variant of a gene will be readily identifiable as mapping to 
the same chromosomal location as said gene. 

The invention also includes a nucleic acid molecule encoding a naturally 

1 5 occurring polypeptide, wherein the nucleic acid hybridizes to a nucleic acid molecule 
consisting of SEQ ED NO:6 under stringent conditions (e.g., hybridization in 6X sodium 
chloride/sodium citrate (SSC) at about 60°C, followed by one or more washes in 0.2 X 
SSC, 0.1% SDS at 65°C), and wherein the nucleic acid encodes a polypeptide of 533-539 
amino acids in length, preferably 536 amino acids, having a molecular weight of 

20 approximately 62.2 kD prior to post-translational modifications. Thus, the invention 
encompasses a nucleic acid molecule which includes the sequence of the protein coding 
region of a naturally occurring mRNA (or the corresponding cDNA sequence) that is 
expressed in a human cell. 

Also within the invention are: an isolated CARD-9 protein having an amino acid 

25 sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% identical to the 
amino acid sequence of SEQ ID NO:5 or the amino acid sequence encoded by the cDNA 

of ATCC ; an isolated CARD-9 protein having an amino acid sequence that is at 

least about 65%, preferably 75%, 85%, 95%, or 98% identical to the CARD domain of 
SEQ ID NO:5 (e.g., about amino acid residues 7-98 of SEQ ID NO:5); an isolated 

30 CARD-9 protein having an amino acid sequence that is at least about 65%, preferably 
75%, 85%, 95%, or 98% identical to the coiled-coil domain of SEQ ID NO:5 (e.g., about 
amino acid residues 140-416 of SEQ ID NO:5); an isolated CARD-9 protein having an 
amino acid sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% 
identical to the indole-3-glycerol phosphate synthase homology domain of SEQ ID NO:5 

35 (e.g., about amino acid residues 197-213 of SEQ ID NO:5); and an isolated CARD-9 
protein having an amino acid sequence that is at least about 65%, preferably 75%, 85%, 
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95%, or 98% identical to the cysteine rich repeat homology domain of SEQ ID NO:5 
(e.g., about amino acid residues 285-338 of SEQ ID NO:5). 

In an embodiment, a CARD- 10 nucleic acid molecule has the nucleotide sequence 
shown in SEQ ID NO:7, SEQ ID NO:9, or the nucleotide sequence of the cDNA of 
5 ATCC . 

Also within the invention is a nucleic acid molecule which encodes a fragment of 
a polypeptide having the amino acid sequence of SEQ ID NO:8 or the polypeptide 
encoded by the cDNA of ATCC . 

The invention includes a nucleic acid molecule which encodes a naturally 
10 occurring allelic variant of a.polypeptide comprising the amino acid sequence of SEQ ID 
NO: 8, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule consisting 

of SEQ ID NO:7, SEQ ID NO:9, or the cDNA of ATCC under stringent 

conditions. 

In general, an allelic variant of a gene will be readily identifiable as mapping to 

15 the same chromosomal location as said gene. 

The invention also includes a nucleic acid molecule encoding a naturally 
occurring polypeptide, wherein the nucleic acid hybridizes to a nucleic acid molecule 
consisting of SEQ ID NO:9 under stringent conditions (e.g., hybridization in 6X sodium 
chloride/sodium citrate (SSC) at about 60°C, followed by one or more washes in 0.2 X 

20 SSC, 0.1% SDS at 65°C), and wherein the nucleic acid encodes a polypeptide of 1029- 
1035 amino acids in length, preferably 1032 amino acids, having a molecular weight of 
approximately 1 15.9 kD prior to post-translational modifications. Thus, the invention 
encompass es a n ucleic acid molecule which includes the sequence of the protein coding 
region of a naturally occurring mRNA (or the corresponding cDNA sequence) that is 

25 expressed in a human cell. 

Also within the invention are: an isolated CARD- 10 protein having an amino acid 
sequence that is at.least about 65%, preferably 75%, 85%,. 95%, or 98% identical to the 
amino acid sequence of SEQ ID NO:8 or the amino acid sequence encoded by the cDNA 
of ATCC ; an isolated CARD-10 protein having an amino acid sequence that is at 

30 least about 85%, 95%, or 98% identical to the CARD domain of SEQ ID NO:8 (e.g., 
about amino acid residues 23-123 of SEQ ID NO:8); an isolated CARD-10 protein 
having an amino acid sequence that is at least about 85%, 95%, or 98% identical to the 
coiled-coil domain of SEQ ID NO:8 (e.g., about amino acid residues 147-457 of SEQ ID 
NO:8); an isolated CARD-10 protein having an amino acid sequence that is at least about 

35 85%, 95%, or 98% identical to the SH3 domain of SEQ ID NO:8 (e.g., about amino acid 
residues 704-772 of SEQ ID NO:8); an isolated CARD-10 protein having an amino acid 
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sequence that is at least about 85%, 95%, or 98% identical to the guanylate kinase (GUK) 
domain of SEQ ID NO:8 (e.g., about amino acid residues 830-1032 of SEQ ID NO:8); 
and an isolated CARD- 10 protein having an amino acid sequence that is at least about 
85%, 95%, or 98% identical to the tropomyosin domain of SEQ ID NO:8 (e.g., about 
5 amino acid residues 366-398 of SEQ ID NO:8); 

In an embodiment, a CARD-1 1 nucleic acid molecule has the nucleotide sequence 
shown in SEQ ID NO: 10, SEQ ED NO: 12, or the nucleotide sequence of the cDNA of 
ATCC . 

Also within the invention is a nucleic acid molecule which encodes a fragment of 
1 0 a polypeptide having the amino acid sequence of SEQ ID NO: 1 1 or the polypeptide 

encoded by the cDNA of ATCC . 

The invention includes a nucleic acid molecule which encodes a naturally 
occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ ID 
NO:l 1, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 

15 consisting of SEQ ID NO:10, SEQ ID NO:12, or the cDNA of ATCC under 

stringent conditions. 

In general, an allelic variant of a gene will be readily identifiable as mapping to 
the same chromosomal location as said gene. 

The invention also includes a nucleic acid molecule encoding a naturally 
20 occurring polypeptide, wherein the nucleic acid hybridizes to a nucleic acid molecule 

consisting of SEQ ID NO: 12 under stringent conditions (e.g., hybridization in 6X sodium 
chloride/sodium citrate (SSC) at about 60°C, followed by one or more washes in 0.2 X 
. 5SC0..1 % SDS at 65 °C), and wherein the nucleic acid encodes a polypeptide of 1 144- 
1 150 amino acids in length, preferably 1 147 amino acids, having a molecular weight of 
25 approximately 132.6 kD prior to post-translational modifications. Thus, the invention 
encompasses a nucleic acid molecule which includes the sequence of the protein coding 
region of a naturally-occurring mRNA-(or- the corresponding cDNA sequence) that is 
expressed in a human cell. 

Also within the invention are: an isolated CARD-1 1 protein having an amino acid 
30 sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% identical to the 
amino acid sequence of SEQ ID NO: 1 1 or the amino acid sequence encoded by the 

cDNA of ATCC ; an isolated CARD-1 1 protein having an amino acid sequence 

that is at least about 65%, preferably 75%, 85%, 95%, or 98% identical to the CARD 
domain of SEQ ID NO:l 1 (e.g., about amino acid residues 6-1 12 of SEQ ID NO:l 1); an 
35 isolated CARD-1 1 protein having an amino acid sequence that is at least about 65%, 

preferably 75%, 85%, 95%, or 98% identical to the coiled-coil domain of SEQ ID NO:l 1 

11 
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(e.g., about amino acid residues 130-431 of SEQ ID NO: 11); an isolated CARD- 11 
protein having an amino acid sequence that is at least about 65%, preferably 75%, 85%, 
95%, or 98% identical to the PDZ domain of SEQ ID NO: 1 1 (e.g., about amino acid 
residues 635-748 of SEQ ID NO:l 1); an isolated CARD-1 1 protein having an amino acid 

5 sequence that is at least about 65%, preferably 75%, 85%, 95%, or 98% identical to the 
SH3 domain of SEQ ID NO:l 1 (e.g., about amino acid residues 766-834 of SEQ ID 
NO: 1 1); and an isolated CARD- 1 1 protein having an amino acid sequence that is at least 
about 65%, preferably 75%, 85%, 95%, or 98% identical to the guanylate kinase (GUK) 
domain of SEQ ID NO: 11 (e.g., about amino acid residues 882-1147 of SEQ ID NO: 11); 

10 Also within the invention are: an isolated CARD-9 protein which is encoded by a 

nucleic acid molecule having a nucleotide sequence that is at least about 65%, preferably 

75%, 85%; or 95% identical to SEQ ID NO:3 or the cDNA of ATCC ; an isolated 

CARD-9 protein which is encoded by a nucleic acid molecule having a nucleotide 
sequence at least about 65% preferably 75%, 85%, or 95% identical to the CARD domain 

1 5 encoding portion of SEQ ID NO:3 ; an isolated CARD-9 protein which is encoded by a 
nucleic acid molecule having a nucleotide sequence at least about 65% preferably 75%, 
85%, or 95% identical to the coiled-coil domain encoding portion of SEQ ID NO:3; an 
isolateS CARD-9 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical to the 

20 indole-3-glycerol phosphate synthase homology domain encoding portion of SEQ ID 

NO:3; an isolated CARD-9 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical to the 
cysteine rich repeat homology domain encoding portion of SEQ ID NO:3; and an isolated 
CARD-9 protein which is encoded by a nucleic acid molecule having a nucleotide 

25 sequence which hybridizes under stringent hybridization conditions to a nucleic acid 
molecule having the nucleotide sequence of SEQ ID NO:3 or the non-coding strand of 

the cDNA of ATCC . . . ~ 

Also within the invention are: an isolated CARD-9 protein which is encoded by a 
nucleic acid molecule having a nucleotide sequence that is at least about 65%, preferably 

30 75%, 85%, or 95% identical to SEQ ID NO:6 or the cDNA of ATCC ; an isolated 

CARD-9 protein which is encoded by a nucleic acid molecule having a nucleotide 
sequence at least about 65% preferably 75%, 85%, or 95% identical to the CARD domain 
encoding portion of SEQ ID NO:6; an isolated CARD-9 protein which is encoded by a 
nucleic acid molecule having a nucleotide sequence at least about 65% preferably 75%, 

35 85%, or 95% identical to the coiled-coil domain encoding portion of SEQ ID NO:6; an 
isolated CARD-9 protein which is encoded by a nucleic acid molecule having a 

12 
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nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical to the 
indole-3-glycerol phosphate synthase homology domain encoding portion of SEQ ID 
NO:6; an isolated CARD-9 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical to the 
5 cysteine rich repeat homology domain encoding portion of SEQ ID NO:6; and an isolated 
CARD-9 protein which is encoded by a nucleic acid molecule having a nucleotide 
sequence which hybridizes under stringent hybridization conditions to a nucleic acid 
molecule having the nucleotide sequence of SEQ ID NO:6 or the non-coding strand of 
the cDNA of ATCC . 

10 Also within the invention are: an isolated CARD- 10 protein which is encoded by 

a nucleic acid molecule having a nucleotide sequence that is at least about 65%, 

preferably 75%, 85%, or 95% identical to SEQ ID NO:9 or the cDNA of ATCC ; 

an isolated CARD- 10 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical to the 

1 5 CARD domain encoding portion of SEQ ED NO:9; an isolated CARD-1 0 protein which is 
encoded by a nucleic acid molecule having a nucleotide sequence at least about 65% 
preferably 75%, 85%, or 95% identical to the coiled-coil domain encoding portion of 
SEQ ID NO:9; an isolated CARD-10 protein which is encoded by a nucleic acid 
molecule having a nucleotide sequence at least about 65% preferably 75%, 85%, or 95% 

20 identical to the SH3 domain encoding portion of SEQ ID NO:9; an isolated CARD-10 

protein which is encoded by a nucleic acid molecule having a nucleotide sequence at least 
about 65% preferably 75%, 85%, or 95% identical to the guanylate kinase (GUK) domain 
encoding portion of SEQ ID NO:9; an isolated CARD-10 protein which is encoded by a 
nucleic acid molecule having a nucleotide sequence at least about 65% preferably 75%, 

25 85%, or 95% identical to the tropomyosin domain encoding portion of SEQ ID NO:9; 
and an isolated CARD-10 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence-which hybridizes under stringent-hybridization conditions to a 
nucleic acid molecule having the nucleotide sequence of SEQ ID NO:9 or the non-coding 
strand of the cDNA of ATCC . 

30 Also within the invention are: an isolated CARD-1 1 protein which is encoded by 

a nucleic acid molecule having a nucleotide sequence that is at least about 65%, 
preferably 75%, 85%, or 95% identical to SEQ ID NO:12 or the cDNA of ATCC 

; an isolated CARD-1 1 protein which is encoded by a nucleic acid molecule 

having a nucleotide sequence at least about 65% preferably 75%, 85%, or 95% identical 

35 to the CARD domain encoding portion of SEQ ID NO: 1 2; an isolated CARD-1 1 protein 
which is encoded by a nucleic acid molecule having a nucleotide sequence at least about 
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65% preferably 75%, 85%, or 95% identical to the coiled-coil domain encoding portion 
of SEQ ID NO: 12; an isolated CARD-1 1 protein which is encoded by a nucleic acid 
molecule having a nucleotide sequence at least about 65% preferably 75%, 85%, or 95% 
identical to the PDZ domain encoding portion of SEQ ID NO: 12; an isolated CARD-1 1 
5 protein which is encoded by a nucleic acid molecule having a nucleotide sequence at least 
about 65% preferably 75%, 85%, or 95% identical to the SH3 domain encoding portion 
of SEQ ID NO: 12; an isolated CARD-1 1 protein which is encoded by a nucleic acid 
molecule having a nucleotide sequence at least about 65% preferably 75%, 85%, or 95% 
identical to the guanylate kinase (GUK) domain encoding portion of SEQ ID NO: 12; and 

10 an isolated CARD-1 1 protein which is encoded by a nucleic acid molecule having a 
nucleotide sequence which hybridizes under stringent hybridization conditions to a 
nucleic acid molecule having the nucleotide sequence of SEQ ID NO: 12 or the 

non-coding strand of the cDNA of ATCC . 

The CARD-9, CARD-10, or CARD-1 1 polypeptides, nucleic acids, and 

1 5 antibodies of the invention may be useful for mapping the location of the CARD-9, 
CARD-10, or CARD-1 1 genes as well as the location of genes associated with diseases 
that map to the same region as the CARD-9, CARD-10, or CARD-1 1 genes. The CARD- 
10 gene is located in chromosome 22ql3.1 . The CARD-10 polypeptides, nucleic acids, 
and antibodies of the invention may be useful for mapping the location of the CARD-10 

20 gene as well as the location of genes associated with the following diseases: 

spinocerebellar ataxia 10 and meningioma 1, both of which map to chromosome 22 in the 
region of the CARD-10 gene. 

Another embodiment of the invention features CARD-9, CARD-10, or CARD-1 1 
nucleic acid molecules which specifically detect CARD-9, CARD-10, or CARD-1 1 

25 nucleic acid molecules, relative to nucleic acid molecules encoding other members of the 
CARD superfamily. For example, in one embodiment, a CARD-9, CARD-10, or CARD- 
1 1 nucleic acid molecule hybridizes under stringent conditions to a nucleic acid molecule 
comprising the nucleotide sequence of SEQ ED NO:l, SEQ ID NO:3, SEQ ID NO:4, 
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, the cDNA 

30 of ATCC , the cDNA of ATCC , the cDNA of ATCC , the cDNA of 

ATCC , or a complement thereof. In another embodiment, the CARD-9, CARD-10, 

or CARD-1 1 nucleic acid molecule is at least 300 (350, 400, 450, 500, 550, 600, 650, 
700, 800, 900, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 
3400, 3600, 3800, 4000, 4200, or 4250) nucleotides in length and hybridizes under 

35 stringent conditions to a nucleic acid molecule comprising the nucleotide sequence 
shown in SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, 

14 
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SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, the cDNA of ATCC , the cDNA of 

ATCC , the cDNA of ATCC , the cDNA of ATCC , or a complement 

thereof. In another embodiment, an isolated CARD-9, CARD-10, or CARD-1 1 nucleic 
acid molecule comprises the CARD domain encoding portion of SEQ ID NO:3, SEQ ID 

5 NO:6, SEQ ID NO:9, SEQ ID NO: 12 or a complement thereof. In yet another 

embodiment, the invention provides an isolated nucleic acid molecule which is antisense 
to the coding strand of a CARD-9, CARD-10, or CARD-1 1 nucleic acid. 

Another aspect of the invention provides a vector, e.g., a recombinant expression 
vector, comprising a CARD-9, CARD-10, or CARD-1 1 nucleic acid molecule of the 

10 invention. In another embodiment the invention provides a host cell- containing such a 
vector. The invention also provides a method for producing CARD-9, CARD-10, or 
CARD-1 1 protein by culturing, in a suitable medium, a host cell of the invention 
containing a recombinant expression vector such that a CARD-9, CARD-10, or CARD- 
1 1 protein is produced. 

15 Another aspect of this invention features isolated or recombinant CARD-9, 

CARD-10, or CARD-1 1 proteins and polypeptides. Preferred CARD-9, CARD-10, or 
CARD-1 1 proteins and polypeptides possess at least one biological activity possessed by 
naturally occurring human CARD-9, CARD-10, or CARD-1 1, e.g., (1) the ability to form 
protein:protein interactions with proteins in the apoptotic signaling pathway; (2) the 

20 ability to form CARD-CARD interactions with proteins in the apoptotic signaling 

pathway, e.g. Bcl-10; (3) the ability to bind a CARD-9, CARD-10, or CARD-1 1 ligand; 
(4) the ability to bind to an intracellular target; and (5) the ability to activate the NF-kB 
pathway. Other activities include: (1) modulation of cellular proliferation; (2) 
modulation of cellular differentiation; (3) modulation of cellular death; (4) modulation of 

25 the NF-kB pathway; and (5) modulation of stress-responsive signaling pathways. 

The CARD-9, CARD-10, or CARD-1 1 proteins of the present invention, or 
biologically active portions thereof, can-be operatively linked to a non-CARD-9, CARD- 
10, or CARD-1 1 polypeptide (e.g., heterologous amino acid sequences) to form CARD-9, 
CARD-10, or CARD-1 1 fusion proteins, respectively. The invention further features 

30 antibodies that specifically bind CARD-9, CARD-10, or CARD-1 1 proteins, such as 

monoclonal or polyclonal antibodies. In addition, the CARD-9, CARD-10, or CARD-1 1 
proteins or biologically active portions thereof can be incorporated into pharmaceutical 
compositions, which optionally include pharmaceutical^ acceptable carriers. 

In another aspect, the present invention provides a method for detecting the 

35 presence of CARD-9, CARD-10, or CARD-1 1 activity or expression in a biological 
sample by contacting the biological sample with an agent capable of detecting an 

15 
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indicator of CARD-9, CARD-10, or CARD-1 1 activity such that the presence of CARD- 
9, CARD-10, or CARD-1 1 activity is detected in the biological sample. 

In another aspect, the invention provides a method for modulating CARD-9, 
CARD-1 0, or CARD-1 1 activity comprising contacting a cell with an agent that 
5 modulates (inhibits or stimulates) CARD-9, CARD-10, or CARD-1 1 activity or 

expression such that CARD-9, CARD-10, or CARD-1 1 activity or expression in the cell 
is modulated. In one embodiment, the agent is an antibody that specifically binds to 
CARD-9, CARD-10, or CARD-1 1 protein. In another embodiment, the agent modulates 
expression of CARD-9, CARD-10, or CARD-1 1 by modulating transcription of a 

10 CARD-9, CARD-10, or CARD-1 1 gene, splicing of a CARD-9, CARD-10, or CARD-1 1 
mRNA, or translation of a CARD-9, CARD-10, or CARD-1 1 mRNA. In yet another 
embodiment, the agent is a nucleic acid molecule having a nucleotide sequence that is 
antisense to the coding strand of the CARD-9, CARD-10, or CARD-1 1 mRNA or the 
CARD-9, CARD-10, or CARD-1 1 gene. 

1 5 In one embodiment, the methods of the present invention are used to treat a 

subject having a disorder characterized by aberrant CARD-9, CARD-1 0, or CARD-1 1 
protein or nucleic acid expression or activity or related to CARD-9, CARD-10, or 
CARD-1 1 expression or activity by administering an agent which is a CARD-9, CARD- 
10, or CARD-1 1 modulator to the subject. In one embodiment, the CARD-9, CARD-10, 

20 or CARD-1 1 modulator is a CARD-9, CARD-10, or CARD-1 1 protein. In another 

embodiment the CARD-9, CARD-10, or CARD-1 1 modulator is a CARD-9, CARD-10, 
or CARD-1 1 nucleic acid molecule. In other embodiments, the CARD-9, CARD-10, or 
CARD-1 1 modulator is a peptide, peptidomimetic, or other small molecule. 

The present invention also provides a diagnostic assay for identifying the 

25 presence or absence of a genetic lesion or mutation characterized by at least one of: (i) 
aberrant modification or mutation of a gene encoding a CARD-9, CARD-10, or CARD- 
1 1 protein; (ii) mis-regulation of a gene encoding a CARD-9, CARD-10, or CARD-1 1 
protein; (iii) aberrant RNA splicing; and (iv) aberrant post-translatipnal modification of a 
CARD-9, CARD-10, or CARD-1 1 protein, wherein a wild-type form of the gene encodes 

30 a protein with a CARD-9, CARD-10, or CARD-1 1 activity. 

In another aspect, the invention provides a method for identifying a compound 
that binds to or modulates the activity of a CARD-9, CARD-10, or CARD-1 1 protein. In 
general, such methods entail measuring a biological activity of a CARD-9, CARD-10, or 
CARD-1 1 protein-in the presence and absence of a test compound and identifying those 

35 compounds which alter the activity of the CARD-9, CARD-1 0, or CARD- 1 1 protein. 

16 
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The invention also features methods for identifying a compound which modulates 
the expression of CARD-9, CARD-10, or CARD-1 1 by measuring the expression of 
CARD-9, CARD-10, or CARD-1 1 in the presence and absence of a compound. 

The invention also features methods for treating disorders associated with 
5 inappropriate apoptosis by modulating the expression or activity of CARD-9, CARD-10, 
or CARD-1 1. 

Other features and advantages of the invention will be apparent from the 
following detailed description and claims. 

10 - Brief Description of the Drawings 

Figures 1 A-B depict the cDNA sequence (SEQ ID NO:l) and the predicted amino 
acid sequence (SEQ ID NO:2) of rat CARD-9. The open reading frame of rat CARD-9 
(SEQ ID NO:l) extends from nucleotide 1 13 to nucleotide 1720 of SEQ ID NO:l (SEQ 
IDNO:3). 

15 Figure 2 depicts a hydropathy plot of rat CARD-9. Relatively hydrophobic 

residues are above the dashed horizontal line, and relatively hydrophilic residues are 
below the dashed horizontal line. The cysteine residues (cys) and potential N- 
glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

20 Figure 3 depicts a plot showing the predicted structural features of rat CARD-9. 

This figure shows the predicted alpha regions (Garnier-Robson and Chou-Fasman), the 

predicted beta regions (Garnier-Robson and Chou-Fasman), the predicted turn regions 

(Gar nier-Robson and Chou-Fasman) and the predicted coil regions (Garnier-Robson). 

Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), the predicted alpha 
25 and beta-amphipathic regions (Eisenberg), the predicted flexible regions 

(Karplus-Schulz), the predicted antigenic index (Jameson- Wolf) and the predicted surface 

probability.plot-(Emini). . — - - 

Figure 4A depicts an alignment of amino acids 7-98 of rat CARD-9 (amino acid 

residues 7-98 of SEQ. ID NO: 2) with a consensus caspase recruitment domain (CARD) 
30 derived from a hidden Markov model. 

Figure 4B depicts an alignment of amino acids 197-213 of rat CARD-9 (amino 

acid residues 197-213 of SEQ ID NO:2) with a consensus indole-3-glycerol phosphate 

synthase domain derived from a hidden Markov model. 

Figure 4C depicts an alignment of amino acids 285-338 of rat CARD-9 (amino 
35 acid residues 285-338 of SEQ ID NO:2) with a consensus cysteine rich repeat domain 

derived from a hidden Markov model. 
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Figures 5A-B depict the cDNA sequence (SEQ ID NO:4) and the predicted amino 
acid sequence (SEQ ID NO:5) of human CARD-9. The open reading frame of human 
CARD-9 (SEQ ID NO:4) extends from nucleotide 144 to nucleotide 1751 of SEQ ID 
NO:4 (SEQIDNO:6). 

5 Figure 6 depicts a hydropathy plot of human CARD-9. Relatively hydrophobic 

residues are above the dashed horizontal line, and relatively hydrophilic residues are 
below the dashed horizontal line. The cysteine residues (cys) and potential N- 
glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

1 0 Figure 7 depicts a plot showing the predicted structural features of human 

CARD-9. This figure shows the predicted alpha regions (Gamier-Robson and 
Chou-Fasman), the predicted beta regions (Garnier-Robson and Chou-Fasman), the 
predicted turn regions (Garnier-Robson and Chou-Fasman) and the predicted coil regions 
(Gamier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
1 5 the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson- Wolf) and the 
predicted surface probability plot (Emini). 

Figure 8A depicts an alignment of amino acids 7-98 of human CARD-9 (amino 
acid residues 7-98 of SEQ ID NO:5) with a consensus caspase recruitment domain 
20 (CARD) derived from a hidden Markov model. 

Figure 8B depicts an alignment of amino acids 197-213 of human CARD-9 
(amino acid residues 197-213 of SEQ ID NO:5) with a consensus indole-3-glycerol 
phosphate synthase domain derived from a hidden Markov model. 

Figure 8C depicts an alignment of amino acids 285-338 of human CARD-9 
25 (amino acid residues 285-338 of SEQ ID NO:5) with a consensus cysteine rich repeat 
domain derived from a hidden Markov model. 

Figure 9 depicts an alignment of amino acids 1-536 of rat CARD-9 (amino acid 
"residues 1-536 of SEQ ID NO:2) and amino acids 1-536 of human CARD-9 (amino acid 
residues 1-536 of SEQ ID NO:5). This alignment was created using GAP (gap weight 
30 12; length weight 4). In this alignment the sequences are 86. 1 % identical. 

Figures 10A-C depict the cDNA sequence (SEQ ID NO:7) and the predicted 
amino acid sequence (SEQ ID NO:8) of human CARD-10. The open reading frame of 
human CARD-10 (SEQ ID NO:7) extends from nucleotide 41 to nucleotide 3136 of SEQ 
ID NO:7 (SEQ ID NO:9). 
35 Figure 1 1 depicts a hydropathy plot of human CARD-1 0. Relatively hydrophobic 

residues are above the dashed horizontal line, and relatively hydrophilic residues are 
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below the dashed horizontal line. The cysteine residues (cys) and potential N- 
glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

Figure 12 depicts a plot showing the predicted structural features of human 
5 CARD- 10. This figure shows the predicted alpha regions (Gamier-Robson and 
Chou-Fasman), the predicted beta regions (Gamier-Robson and Chou-Fasman), the 
predicted turn regions (Garnier-Robson and Chou-Fasman) and the predicted coil regions 
(Gamier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
1 0 regions (Karplus-Schulz), the predicted antigenic index (Jameson- Wolf) and the 
predicted surface probability plot (Emini). 

Figure 13A depicts an alignment of amino acids 24-1 15 of human CARD- 10 
(amino acid residues 24-1 15 of SEQ ID NO: 8) with a consensus caspase recruitment 
domain (CARD) derived from a hidden Markov model. 
15 * Figure 13B depicts an alignment of amino acids 366-398 of human CARD- 10 
(amino acid residues 366-398 of SEQ ID NO:8) with a consensus tropomyosin domain 
derived from a hidden Markov model. 

Figures 14A-C depict the cDNA sequence (SEQ ID NO: 10) and the predicted 
amino acid sequence (SEQ ID NO:l 1) of human CARD-1 1 . The open reading frame of 
20 human CARD-1 1 (SEQ ID NO: 10) extends from nucleotide 328 to nucleotide 3768 of 
SEQ ID NO:10 (SEQ ID NO:12). 

Figure 15 depicts a hydropathy plot of human CARD-1 1 . Relatively hydrophobic 
residues are above the dashed horizontal line, and relatively hydrophilic residues are 
below the dashed horizontal line. The cysteine residues (cys) and potential N- 
25 glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

Figure 16 depicts a plot showing the predicted structural features of human 
CARD-1 1. This figure shows the predicted alpha regions (Gamier-Robson and 
Chou-Fasman), the predicted beta regions (Garnier-Robson and Chou-Fasman), the 
30 predicted turn regions (Garnier-Robson and Chou-Fasman) and the predicted coil regions 
(Garnier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson-Wolf) and the 
predicted surface probability plot (Emini). 
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Figure 17A depicts an alignment of amino acids 12-103 of human CARD-1 1 
(amino acid residues 12-103 of SEQ ID NO:ll) with a consensus caspase recruitment 
domain (CARD) derived from a hidden Markov model. 

Figure 17B depicts an alignment of amino acids 635-747 of human CARD-1 1 
(amino acid residues 635-747 of SEQ ID NO:ll) with a consensus PDZ domain derived 
from a hidden Markov model. 

Figure 17C depicts an alignment of amino acids 1003-1091 of human CARD-1 1 
(amino acid residues 1003-1091 of SEQ ID NO:l 1) with a consensus GUK domain 
derived from a hidden Markov model. 

Figures 18A, 18B, 18C, 18D, 18E, and 18F depict the results of a series of 
experiments demonstration that CARD-9 interacts directly with Bcl-10. In these studies, 
293T cells were transfected with expression plasmids encoding T7 epitope-tagged, Flag 
epitope-tagged, or Myc-epitope-tagged Bcl-10 or CARD-9 as indicated. After 36 h, 
extracts were prepared and immunoprecipitated (IP) with a monoclonal antibody to the 
Flag epitope. The immunoprecipitates were analyzed by SDS-PAGE and immunoblotted 
with a horseradish peroxidase-conjugated T7-antibody (Figure 18 A) or MYC-antibody 
(Figures 18B and 18C). The cellular extracts were also immunoblotted (WB) with anti- 
Flag and anti-T7 antibody (upper panel of Figure 1 %A), anti-Flag or anti-Myc antibody 
(upper and middle panel of Figure 18D and Figure 18Q. Figure 18A demonstrates the 
in vivo interaction of CARD-9 with Bcl-10. Figure 18B and Figure 18C demonstrate that 
CARD-9 can self-associate and interact with Bcl-10 through the CARD domain. Figure 
18D demonstrates in vitro interaction of CARD-9 with GST-Bcl-10. In this study, 35 S- 
labeled CARD-9 (lane 1, 5%Jnput)_was precipitated with an equal amount of glutathione 
sepharose beads bound to an equal amount of proteins, GST (lane2), GST-Bcl-10 (lane3), 
GST-Bcl-10-L41R (lane 4) and then analyzed by SDS-PAGE and autoradiography. The 
point mutation L41R within the CARD domain abrogates its ability to interact with 
CARD-9. Figure 18E and Figure 18F demonstrate the endogenous interaction of CARD- 
9 with Bcl-10. Thpl cell (5x10 s ) extracts were collected and immunoprecipitated with a 
monoclonal antibody to the Bcl-10 epitope (Figure 18E and Figure 18F, lane 2), T7 
antibody (Figure 18E and Figure 18F, lane 5; HC, heavy chain; LC, light chain), or anti- 
mouse IgG agarose (Figure 18E, lane 3). The immunoprecipitates were analyzed by 
SDS-PAGE and immunoblotted with CARD-9 polyclonal antibody (Figure 18D) or Bcl- 
10 monoclonal antibody (Figure 18E). The cellular extracts were also immunoblotted 
(WB) with polyclonal CARD-9 antibody (Figure 18E, lane 1) or monoclonal Bcl-10 
antibody (Figure 18F, lane 1) to detect the endogenous protein expression. Also, Bcl-10 
antibody was incubated with the anti-mouse IgG agarose and analyzed by 
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immunoblotting with CARD-9 antibody to rule out the possibility of cross-reaction 
(Figure 18E, lane 4). 

Figure 19A depicts the results of an experiment demonstrating the concentration- 
dependent activation of NF-kB activity by CARD-9. In this study, plasmids expressing 
5 CARD-9 were transfected into 293T cells and relative luciferase activities were 
determined to measure induction of NF-kB activity. 

Figure 19B depicts the results of an experiment demonstrating that CARD-9 
interacts with endogenous BcllO. In this study, cell extracts were immunoprecipitated 
(IP) with BC110 antibodies and immunoblotted (WB) with anti-Myc antibodies to detect 
10 epitope-tagged CARD-9. 

Figure 19C depicts the results of a functional mapping study of the CARD-9 NF- 
KB-activating domain. In this study, plasmids expressing individual domains fused to 
GFP were transfected into 293T cells and induction of NF-kB activity was measured. 

Figure 20A depicts the concentration-dependent activation of NF-kB activity by 
15 CARD-11. 

Figure 20B is a schematic depiction of deletion mutants of CARD-1 1 used to map 
domains involved in the induction of NF-kB activity. Bars indicate domains expressed: 
construct 1 (CARD-11, residues 1-1147), construct 2 (CARD-11, residues 127-1147), 
construct 3 (CARD-11, residues 1-468), construct 4 (CARD-11, residues 1-759), 
20 construct 5 (CARD-11, residues 1-869), construct 6 (CARD-11, residues 469-1147 

Figures 20C depicts the induction of NF-kB activity by CARD- 1 1 deletion 
mutants. 

Figure 21 depicts the results of experiments demonstrating that CARD-1 1 
interacts with Bcl-10 in mammalian cells. 293T cells were transfected with the indicated 
"25 " " combinations of expression constructs encoding Flag-Bcl-1 0, Myc-C ARD- 
1 1/CARD+CC and Myc-CARD-1 1/CC. Cell lysates were collected and 
immunoprecipitated (IP) and immunoblotted (WB) with either Flag or Myc antibodies. 

Figure 22 depicts the results of an experiment demonstrating that CARD-1 1 
induces phosphorylation of Bcl-10. 293T cells were transfected with expression 
30 constructs encoding HA-Bcl-10 and either Myc-tagged CARD-1 1. Cell lysates were 
collected and immunoblotted (WB) with HA and Myc antibodies to detect Bcl-10 and 
CARD-1 1 proteins. 

Detailed Description of the Invention 

3 5 The present invention is based, in part, on the identification of a predicted mRNA 

sequence encoding rat CARD-9 protein. A nucleotide sequence encoding a rat CARD-9 
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protein is shown in Figures 1A-B (SEQ ID NO:l; SEQ ID NO:3 includes the open 
reading frame only). A predicted amino acid sequence of rat CARD-9 protein is also 
shown in Figures 1 A-B (SEQ ID NO:2). 

The present invention is also based, in part, on the identification of a predicted 

5 mRNA sequence encoding human CARD-9 protein. A nucleotide sequence encoding a 
human CARD-9 protein is shown in Figures 5A-B (SEQ ID NO:4; SEQ ID NO:6 
includes the open reading frame only). A predicted amino acid sequence of human 
CARD-9 protein is also shown in Figures 5A-B (SEQ ID NO:5). 

The present invention is also based, in part, on the identification of a predicted 

1 0 mRNA sequence encoding human CARD-10 protein. A nucleotide sequence encoding a 
human CARD-10 protein is shown in Figures 10A-C (SEQ ID NO:7; SEQ ID NO:9 
includes the open reading frame only). A predicted amino acid sequence of human 
CARD-10 protein is also shown in Figures 10A-C (SEQ ID NO:8). 

The present invention is also based, in part, on the identification of a predicted 

15 mRNA sequence encoding human CARD-1 1 protein. A nucleotide sequence encoding a 
human CARD-11 protein is shown in Figures 14A-C (SEQ ID NO:10; SEQ ID NO:12 
includes the open reading frame only). A predicted amino acid sequence of human 
CARD-1 1 protein is also shown in Figures 14A-C (SEQ ID NO:l 1). 

20 Identification of Rat CARD-9 

A cDNA encoding rat CARD-9 was identified by a hidden Markov model 
(HMM) search for CARD-encoding cDNA sequences present in a proprietary rat 
neuronal cDNA library. The search of the translated cDNA sequence database was 
performed in three reading frames, forward and reverse. This search led to the 

25 identification of a sequence predicted to encode a CARD domain-containing protein later 
identified as rat CARD-9. 

Figures 1 A-B depict the sequence of a 1879 nucleotide cDNA (SEQ ID NO:l) 
which includes a predicted open reading frame (SEQ ID NO:3; nucleotides 1 13-1720 of 
SEQ ID NO:l) encoding a 536 amino acid rat CARD-9 protein (SEQ ID NO:3). Rat 

30 CARD-9 is predicted to be an intracellular protein. This CARD-9 protein is predicted to 
have a molecular weight of 62.2 kD prior to post-translational modifications. 

The predicted amino acid sequence of rat CARD-9 was compared to amino acid 
sequences of known proteins and various motifs were identified. The 536 amino acid rat 
CARD-9 protein includes an N-glycosylation site (e.g., about amino acid residues 524- 

35 527 of SEQ ID NO:2); two cAMP- and cGMP-dependent protein kinase phosphorylation 
sites (e.g., about amino acid residues 92-95 and 228-23 1 of SEQ ID NO:2); nine protein 
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kinase C phosphorylation sites (e.g., about amino acid residues 16-18, 95-97, 138-140, 
231-233, 303-305, 362-364, 431-433, 45M53, and 514-516 of SEQ ID NO:2); 13 casein 
kinase II phosphorylation sites (e.g., about amino acid residues 2-5, 12-15, 23-26, 95-98, 
138-141, 171-174, 267-270, 362-365, 374-377, 425-428, 483-486, 526-529, and 531-534 

.5 of SEQ ID NO:2); a tyrosine kinase phosphorylation site (e.g., about amino acid residues 
176-183 of SEQ ID NO:2); and an N-myristoylation site (e.g., about amino acid residues 
523-528 ofSEQIDNO:2). 

Figure 2 depicts a hydropathy plot of rat CARD-9. Relatively hydrophobic 
residues are above the dashed horizontal line, and relatively hydrophilic residues are 

1 0 below the dashed horizontal line. The cysteine residues (cys) and potential N- 

glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

A plot showing the predicted structural features of rat CARD-9 is presented in 
Figure 3. This figure shows the predicted alpha regions (Garnier-Robson and 

1 5 Chou-Fasman), the predicted beta regions (Garnier-Robson and Chou-Fasman), the 

predicted turn regions (Garnier-Robson and Chou-Fasman) and the predicted coil regions 
(Garnier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson- Wolf) and the 

20 predicted surface probability plot (Emini). 

An analysis of the predicted rat CARD-9 amino acid sequence showed it to 
contain several potential functional domains: a CARD domain (e.g., about amino acid 
residues 7-98 of SEQ ID NO:2); a coiled-coil domain (e.g., about amino acid residues 
140-416 of SEQ ID NO:2); an indole-3 -glycerol phosphate synthase homology region 

25 (e.g., about amino acid residues 197-213 of SEQ ID NO:2); and a cysteine rich repeat 
homology region (e.g., about amino acid residues 285-338 of SEQ ID NO:2). 

Figure 4A depicts an alignment of amino, acids 7-98 of rat CARD-9 (amino acid 
residues 7-98 of SEQ ID NO:2) with a consensus caspase recruitment domain (CARD) 
derived from a HMM. 

30 Figure 4B depicts an alignment of amino acids 197-213 of rat CARD-9 (amino 

acid residues 197-213 of SEQ ID NO:2) with a consensus indole-3-glycerol phosphate 
synthase domain derived from a HMM. 

Figure 4C depicts an alignment of amino acids 285-338 of rat CARD-9 (amino 
acid residues 285-338 of SEQ ID NO:2) with a consensus cysteine rich repeat domain 

35 derived from a HMM. 
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The domain alignments depicted in Figures 4A-C were identified by homology 
searching using consensus domains derived from hidden Markov models (HMMs). 
HMMs can be used to perform multiple sequence alignment and very sensitive database 
searching, using statistical descriptions of a domain's consensus sequence. For more 

5 information on HMM searches, see, e.g., http://hmmer.wustl.edu/ . In the alignments of 
figures 4A-C a single letter amino acid designation at a position on the line between the 
CARD-9 sequence and the HMM-generated consensus domain sequence indicates an 
exact match between the two. A in this middle line indicates a conservative 
substitution at the particular residue of CARD-9. Amino acid residues located in the 

10 domains identified by the HMM search may be important for the appropriate functioning 
of the CARD-9 protein. For this reason, amino acid substitutions with respect to the 
sequence of SEQ ID NO:2 that are outside of the domains homologous to HMM 
consensus domains may be less detrimental to the activity of the CARD-9 protein. 



15 Identification of Human CARD-9 

A cDNA encoding human CARD-9 was identified by using the rat CARD-9 
cDNA described above to conduct a BLAST search of cDNA sequences from a 
proprietary human megakaryocyte library. This search led to the identification of a 
sequence predicted to encode a CARD domain-containing protein later identified as 

20 human CARD-9. 

Figures 5A-B depict the sequence of a 2098 nucleotide cDNA (SEQ ID NO:4) 
which includes a predicted open reading frame (SEQ ID NO:6; nucleotides 144-1751 of 
SEQ ID NO:4) encoding a 536 amino acid human CARD-9 protein (SEQ ID NO:5). 
Human CARD-9 is predicted to be an intracellular protein. This CARD-9 protein is 

25 predicted to have a molecular weight of 62.2 kD prior to post-translational modifications. 

The predicted amino acid sequence of human CARD-9 was compared to amino 
acid sequences of known proteins and various motifs were identified. The 536 amino 
acid human CARD-9 protein includes an N-glycosylation site (e.g., about amino acid 
residues 524-527 of SEQ ID NO:5); three cAMP- and cGMP-dependent protein kinase 

30 phosphorylation sites (e.g., about amino acid residues 92-95, 228-231, and 333-336 of 
SEQ ID NO:5); seven protein kinase C phosphorylation sites (e.g., about amino acid 
residues 95-97, 138-140, 231-233, 303-305, 431-433, 450-452, and 460-462 of SEQ ID 
NO:5); ten casein kinase II phosphorylation sites (e.g., about amino acid residues 2-5, 23- 
26, 95-98, 138-141, 267-270, 363-366, 425-428, 483-486, 526-529, and 531-534 of SEQ 

35 ID NO:5); a tyrosine kinase phosphorylation site (e.g., about amino acid residues 176- 
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1 83 of SEQ ID NO:5); and three N-myristoylation sites (e.g., about amino acid residues 
453-458, 481-486, and 527-532 of SEQ ID NO:5). 

Figure 6 depicts a hydropathy plot of human CARD-9. Relatively hydrophobic 
residues are above the dashed horizontal line, and relatively hydrophilic residues are 
5 below the dashed horizontal line. The cysteine residues (cys) and potential N- 

glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

A plot showing the predicted structural features of human CARD-9 is presented in 
Figure 7. This figure shows the predicted alpha regions (Garnier-Robson and 
1 0 Chou-Fasman), the predicted beta regions (Garnier-Robson and Chou-Fasman), the 

predicted turn regions (Garnier-Robson and Chou-Fasman) and the predicted coil regions 
(Garnier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson-Wolf) and the 
1 5 predicted surface probability plot (Emini). 

An analysis of the predicted human CARD-9 amino acid sequence showed it to 
contain several potential functional domains: a CARD domain (e.g., about amino acid 
""residues 7-98 of SEQ ID NO:5); a coiled-coil domain (e.g., about amino acid residues 
140-416 of SEQ ID NO:5); an indole-3-glycerol phosphate synthase homology region 
20 (e.g., about amino acid residues 197-213 of SEQ ID NO:5); and a cysteine rich repeat 
homology region (e.g., about amino acid residues 285-338 of SEQ ID NO:5). 

Figure 8 A depicts an alignment of amino acids 7-98 of human CARD-9 (amino 
acid residues 7-98 of SEQ ID NO:5) with a consensus caspase recruitment domain 
(CARD) derived from a HMM. 
25 Figure 8B depicts an alignment of amino acids 197-213 of human CARD-9 

(amino acid residues 197-213 of SEQ ID NO:5) with a consensus indole-3-glycerol 
phosphate synthase domain derived from a HMM. 

Figure 8C depicts an alignment of amino acids 285-338 of human CARD-9 
(amino acid residues 285-338 of SEQ ID NO:5) with a consensus cysteine rich repeat 
30 domain derived from a HMM. 

The domain alignments of Figures 8A-C were identified by homology searching 
using consensus domains derived from hidden Markov models (HMMs). HMMs can be 
used to do multiple sequence alignment and very sensitive database searching, using 
statisticaraescriptions oT a domain's consensus sequence. For more information on 
35 HMM searches, see, e.g., http://hmmer.wustl.edu/ . In the alignments of Figures 8A-C a 
single letter amino acid designation at a position on the line between the CARD-9 

25 
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sequence and the HMM-generated consensus domain sequence indicates an exact match 
between the two. A "+" in this middle line indicates a conservative substitution at the 
particular residue of CARD-9. Amino acid residues located in the domains identified by 
the HMM search may be important for the appropriate functioning of the CARD-9 

5 protein. For this reason, amino acid substitutions with respect to the sequence of SEQ ID 
NO: 5 that are outside of the domains homologous to HMM consensus domains may be 
less detrimental to the activity of the CARD-9 protein. 

The N-terminal region of CARD-9 (residues 7-98) shares significant similarity 
with CARD motifs found in many apoptosis proteins, including those found in Bcl- 

10 10/CLAP (29% identity, 44% similarity) and RAIDD (28% identity, 40% similarity). 

The central region of CARD-9 (residues 140-420 or residues 140-416) contains 
heptad repeats characteristic of coiled-coil structures that function in protein 
oligomerization. The COILS2 (Lupas, 1996, Trends Biochem. Sci. 21:375) program 
predicts the existence of at least three coiled-coil regions with a probability of greater 

15 than 80% (residues 140-230, 243-277 and 332-419) that are interrupted by regions 
predicted to have low coiled-coil potential. Correspondingly, BLAST analysis of this 
region showed strong similarity to coiled-coil regions of other proteins, including 

myosins and plectins. 

Northern blot analysis was performed and a 2.1-kilobase transcript corresponding 
20 to CARD-9 was identified in a variety of human adult tissues, including spleen, liver, 
placenta, lung, PBL and brain. CARD-9 was also expressed abundantly in the HL60 
cancer cell line and showed some expression in fetal liver tissue. 

Figure 9 depicts an alignment of amino acids 1-536 of rat CARD-9 (amino acid 
residues 1-536 of SEQ ID NO:2) and amino acids 1-536 of human CARD-9 (amino acid 
25 residues 1-536 of SEQ ID NO:5). This alignment was created using GAP (gap weight 
12; length weight 4). In this alignment the sequences are 86.1% identical. 

Identification of Human CARD- 10 

A cDNA encoding human CARD-10 was identified by using the rat CARD-9 
30 cDNA described above to conduct a BLAST search of cDNA sequences from a 

proprietary skin library. 3' RACE was performed on a partial cDNA isolated from the 
skin library to determine the 3' sequences of the cDNA. The cDNA sequence was 
predicted to encode a CARD domain-containing protein and was later identified as 
human CARD-10. 

35 Figures 10A-C depict the sequence of a 3949 nucleotide cDNA (SEQ ID NO:7) 

which includes a predicted open reading frame (SEQ ID NO:9; nucleotides 41-3 136 of 
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SEQ ID NO:7) encoding a 1032 amino acid human CARD-10 protein (SEQ ID NO:8). 
Human CARD-10 is predicted to be an intracellular protein. This CARD-10 protein is 
predicted to have a molecular weight of 1 1 5.9 kD prior to post-translational 
modifications. 

5 The predicted amino acid sequence of human CARD-10 was compared to amino 

acid sequences of known proteins and various motifs were identified. The 1032 amino 
acid human CARD-10 protein includes four N-glycosylation sites (e.g., about amino acid 
residues 76-79, 472-475, 595-598, and 712-715 of SEQ ID NO:8); a glycosaminoglycan 
attachment site (e.g., about amino acid residues 638-641 of SEQ ID NO:8); 14 protein 

10 kinase C phosphorylation sites (e.g., about amino acid residues 68-70, 78-80, 293-295, 
313-315, 512-514, 558-560, 603-605, 642-644, 754-756, 782-784, 830-832, 868-870, 
947-949 and 1022-1024 of SEQ ID NO:8); 19 casein kinase JJ phosphorylation sites 
(e g., about amino acid residues 18-21, 1 12-1 15, 242-245, 293-296, 331-334, 412-415, 
438-441, 478-481, 510-513, 549-552, 570-573, 681-684, 690-693, 714-717, 748-751, 

15 754-757 869-872, 882-885, and 1028-1031 of SEQ ID NO:8); two tyrosine kinase 
phosphorylation sites (e.g., about amino acid residues 201-207 and 733-739 of SEQ ID 
NO-8)- 11 N-myristoylation sites (e.g., about amino acid residues 15-20, 113-118, 309- 
314, 487-492, 565-570, 656-661, 761-766, 809-814, 893-898, 981-986, and 1021-1026 of 
SEQ ID NO:8); two amidation sites (e.g., about amino acid residues 88-91 and 915-918 

20 of SEQ ID NO:8); and two leucine zipper patterns (e.g., about amino acid residues 230- 
251 and 426-447 of SEQ ID NO:8). 

Figure 1 1 depicts a hydropathy plot of human CARD-10. Relatively hydrophobic 
residues are above the dashed horizontal line, and relatively hydrophilic residues are 
below the dashed horizontal line. The cysteine residues (cys) and potential N- 

25 glycosylation sites (Ngly) are indicated by short vertical lines just below the hydropathy 
trace. 

A plot showing thepredicted structural features of human CARD-10 is presented 
in Figure 12. This figure shows thepredicted alpha regions (Gamier-Robson and 
Chou-Fasman), the predicted beta regions (Gamier-Robson and Chou-Fasman), the 

30 predicted turn regions (Gamier-Robson and Chou-Fasman) and the predicted coil regions 
(Gamier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson-Wolf) and the 
predicted surface probability plot (Emini). 

35 An analysis of the predicted human CARD-10 amino acid sequence showed it to 

contain several potential functional domains: a CARD domain (e.g., about amino acid 
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residues 23-123 of SEQ ID NO:8); a coiled-coil domain (e.g., about amino acid residues 
147-457 of SEQ ID NO:8); an SH3 domain (e.g., about amino acid residues 704-772 of 
SEQ ID NO:8); a guanylate kinase (GUK) domain (e.g., about amino acid residues 830- 
1032 of SEQ ID NO:8); and a tropomyosin domain (e.g., about amino acid residues 366- 

5 398 ofSEQIDNO:8). 

Figure 13A depicts an alignment of amino acids 24-1 15 of human CARD- 10 
(amino acid residues 24-1 15 of SEQ ID NO:8) with a consensus caspase recruitment 
domain (CARD) derived from a HMM. 

Figure 13B depicts an alignment of amino acids 366-398 of human CARD-10 

10 (amino acid residues 366-398 of SEQ ID NO:8) with a consensus tropomyosin domain 
derived from a HMM. 

The domain alignments of Figures 13A-B were identified by homology searching 
using consensus domains derived from hidden Markov models (HMMs). HMMs can be 
used to do multiple sequence alignment and very sensitive database searching, using 

15 statistical descriptions of a domain's consensus sequence. For more information on 

HMM searches, see, e.g., http://hmmer.wustl.edu/ . In the alignments of Figures 13A-B a 
single letter amino acid designation at a position on the line between the CARD-10 
sequence and the HMM-generated consensus domain sequence indicates an exact match 
between the two. A 4 V in this middle line indicates a conservative substitution at the 

20 particular residue of CARD-10. Amino acid residues located in the domains identified by 
the HMM search may be important for the appropriate functioning of the CARD-10 
protein. For this reason, amino acid substitutions with respect to the sequence of SEQ ID 
NO:8 that are outside of the domains homologous to HMM consensus domains may be 
less detrimental to the activity of the CARD-10 protein. 

25 The CARD-10 amino acid sequence was used to perform a BLASTP search 

against the publicly available PROT database ditto ://blast. wustl.edu) . This search 
identified two clones (GenBank™ Accession Numbers CAB63075 and CAB63076) that 
are each 99% identical to CARD-10 in a region spanning amino acids 705-1032 of 
CARD-10. These clones were generated from bacterial clone contigs of human 

30 chromosome 22. This analysis indicates that the gene for CARD-10 is located on 
chromosome 22. 

The map position of the CARD-10 gene was determined by performing a 
BLASTN search using the 3,949 nucleotide CARD-10 sequence of SEQ ID NO:7 against 
the publicly available High Throughput Genome Sequencing (HTGS) nucleotide 
35 database (for information on the HTG database, see 

http://www.ncbi.nlm.nih.gov/HTGS/index.html) . This search identified clone 889J22, 
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GenBank™ Accession Number AL031406, located on human chromosome 22ql3.1, 
with which a portion of the CARD-10 cDNA shares 99% identity over a stretch of 1037 
nucleotides. 

Several diseases or inherited traits map to the same region of chromosome 22q as 
5 the CARD-10 gene, suggesting a potential role for CARD-1 0 in a disease pathology. 
These diseases include: spinocerebellar ataxia 10 ("SCA10" maps to 22ql3 and is 
characterized by cerebellar dysfunction and seizures; OMIM No. 603516); and 
meningioma 1 ("MN1" maps to 22ql2.3-qter and is characterized by familial and 
sporadic meningiomas;OMIM No. 156100). The OMIM (Online Mendelian Inheritance 
10 in Man) database is a catalog of human genes and genetic disorders developed for the 
World Wide Web by the National Center for Biotechnology Information. The database 
can be found at httD://www.ncbi.nlm.nih.gov/omim/ and contains textual information, 
pictures, and reference information. The entire content of the OMIM reference numbers 
cited above are incorporated by reference. 

15 

Identification of Human CARD-1 1 

A cDNA encoding human CARD-1 1 was identified by using the rat CARD-9 

cDNA described above to conduct a BLAST search of cDNA sequences from a 

proprietary T cell library. A cDNA sequence was predicted to encode a CARD domain- 
20 containing protein, later identified as human CARD-1 1 . 

Figures 14A-C depict the sequence of a 4276 nucleotide cDNA (SEQ ID NO: 10) 

which includes a predicted open reading frame (SEQ ID NO: 12; nucleotides 328-3768 of 

SEQ ID NO:10) encoding a 1 147 amino acid human CARD-1 1 protein (SEQ ID NO:l 1). 

Human CARD-1 1 is predicted to be an intracellular protein. This CARD-1 1 protein is 
25 predicted to have a molecular weight of 132.6 kD prior to post-translational 

modifications. 

The predicted amino acid sequence of human CARD-1 1 was compared to amino 
acid sequences of known proteins and various motifs were identified. The 1 147 amino 
acid human CARD-1 1 protein includes five N-glycosylation sites (e.g., about amino acid 

30 residues 241-244, 563-566, 584-587, 776-779, and 950-953 of SEQ ID NO: 1 1); four 
cAMP- and cGMP-dependent protein kinase phosphorylation sites (e.g., about amino 
acid residues 106-109, 429-432, 510-513, and 634-637 of SEQ ID NO:ll); 12 protein 
kinase C phosphorylation sites (e.g., about amino acid residues 7-9, 100-102, 105-107, 
243-245, 290-292, 459-461, 508-510, 687-689, 787-789, 857-859, 879-881, and 935-937 

35 of SEQ ID NO:l 1); 22 casein kinase II phosphorylation sites (e.g., about amino acid 
residues 7-10, 100-103, 162-165, 168-171, 182-185, 286-289, 378-381, 471-474, 476- 
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479 578-581, 692-695, 725-728, 764-767, 779-782, 816-819, 847-850, 872-875, 897- 
900 926-929, 1003-1006, 1088-1091, and 1120-1123 of SEQ ID NO:ll); three tyrosine 
kinase phophorylation sites (e.g., about amino acid residues 175-183, 189-195, and 1010- 
1018 of SEQ ID NO:ll); nineN-myristoylation sites (e.g., about amino acid residues 
5 587-592 678-683, 698-703, 710-715, 761-766, 823-828, 853-858, 917-922, and 1050- 
1055 of SEQ ID NO:l 1); and an amidation site (e.g., about amino acid residues 282-285 

ofSEQIDNO:ll). . 

Figure 15 depicts a hydropathy plot of human CARD-11. Relatively hydrophobic 

residues are above the dashed horizontal line, and relatively hydrophilic residues are 
10 below the dashed horizontal line. The cysteine residues (cys) are indicated by short 
vertical lines just below the hydropathy trace. 

A plot showing the predicted structural features of human CARD-1 1 is presented 
in Figure 16. This figure shows the predicted alpha regions (Gamier-Robson and 
Chou-Fasman), the predicted beta regions (Gamier-Robson and Chou-Fasman), the 
15 predicted turn regions (Gamier-Robson and Chou-Fasman) and the predicted coil regions 
(Gamier-Robson). Also included in the figure is a hydrophilicity plot (Kyte-Doolittle), 
the predicted alpha and beta-amphipathic regions (Eisenberg), the predicted flexible 
regions (Karplus-Schulz), the predicted antigenic index (Jameson-Wolf) and the 
predicted surface probability plot (Emini). 
20 An analysis of the predicted human CARD-1 1 amino acid sequence showed it to 

contain several potential functional domains: a CARD domain (e.g., about ammo acid 
residues 6-112 of SEQ ID NO:ll); a coiled-coil domain (e.g., about amino acid residues 
130-431 ofSEQ ID NO:ll; containing domains at amino acid residues 130-158 and 165- 
433 ofSEQ ID NO:l 1); a PDZ domain (e.g., about amino acid residues 635-748 of SEQ 
25 IDN011);anSH3 domain (e.g., about amino acid residues 766-834 of SEQ ID NOtll); 
and a guanylate kinase (GUK) domain (e.g., about amino acid residues 882-1 147 of SEQ 
JDNO:ll). " 

Figure 17A depicts an alignment of amino acids 12-103 of human CARD-11 
(amino acid residues 12-103 of SEQ ID NO:ll) with a consensus caspase recmitment 
30 domain (CARD) derived from a HMM. 

Figur e 17B depicts an alignment of amino acids 635-747 of human CARD-1 1 
(amino acid residues 635-747 of SEQ ID NO:l 1) with a consensus PDZ domain derived 

from a HMM. „.„.. 
Figure 17C depicts an alignment of amino acids 1003-1091 of human CARD-11 

35 (amino acid residues 1003-1091 of SEQ ID NO:ll) with a consensus GUK domain 

derived from a HMM. 
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The domain alignments of Figures 1 7A-C were identified by homology searching 
using consensus domains derived from hidden Markov models (HMMs). HMMs can be 
used to do multiple sequence alignment and very sensitive database searching, using 
statistical descriptions of a domain's consensus sequence. For more information on 

5 HMM searches, see, e.g., htt p://hmmer.wustl.edu/ . In the alignments of Figures 1 7A-C a 
single letter amino acid designation at a position on the line between the CARD-1 1 
sequence and the HMM-generated consensus domain sequence indicates an exact match 
between the two. A in this middle line indicates a conservative substitution at the 
particular residue of CARD-1 1 . Amino acid residues located in the domains identified by 

10 the HMM search may be important for the appropriate functioning of the CARD- 11 

protein. For this reason, amino acid substitutions with respect to the sequence of SEQ ID 
NO:l 1 that are outside of the domains homologous to HMM consensus domains may be 
less detrimental to the activity of the CARD-1 1 protein. 

15 identification of an Interaction Between CARD-9, C ARD-10. and CARD-1 1 and Bcl-10 
A mammalian two-hybrid screening assay revealed that CARD-9, CARD-1 0, and 
CARD-1 1 interact with the CARD domain of Bcl-10 (CARD-1). 

The Stratagene® Mammalian Two-Hybrid Assay Kit (Stratagene, Inc; La Jolla, 
CA) was used to prepare a vector expressing a protein (Gal4-BD/CARD-9, Gal4- 
20 BD/CARD-10, or Gal4-BD/CARD-1 1) consisting of the DNA binding domain of yeast 
Gal4 (amino acids 1-147) fused to human CARD-9, CARD-10, or CARD-1 1. For a 
description of the Stratagene® Mammalian Two-Hybrid Assay Kit, see e.g., Hosfield and 
Chang (1999) Strategies Newsletter 2(2):62-65. In addition, a library of DNA sequences 
encoding CARD domains was used to create a library of expression vectors encoding the 
25 murine NF-kB transcriptional activation domain (amino acids 364-550) fused to a CARD 
domain (NF-kB-AD/CARD). 

The Gal4=BD/.CARD-9, Gal4-BD/CARD-10, or Gal4-BD/CARD-ll vector, the 
NF-kB-AD/CARD domain vector library, and a luciferase reporter construct were 
introduced into human 293T embryonic kidney cells. If a given CARD domain 
30 expressed fused to the NF-kB transcriptional activation domain interacts with CARD-9, 
CARD-10, or CARD-1 1, the NF-kB transcriptional activation domain will be brought 
into proximity with the promoter controlling luciferase expression, activating luciferase 
expression and permitting detection of the interaction. This analysis revealed that 
CARD-9, CARD-10, and CARD-1 1 interact with the CARD domain of Bcl-10. 
35 Bcl-10 activates NF-kB and apoptosis. It is thought that these functions are 

mediated by its C-terminal domain. The N-terminal CARD domain of Bcl-10 is thought 
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mediate these activation functions upon CARD-CARD binding with an upstream CARD 
signaling protein. The finding that CARD-9, CARD-10, and CARD-1 1 bind to the 
CA^domainofBcl-lOsu^^^ 

regulate Bcl-10 functions (i.e. NF-kB and apoptosis). CARD-9, CARD-10, and CARD- 

5 n likely interactw^ 

CARD-9 CARD-10, or CARD-11 likely brings about an oligomenzauon of Bcl-10 
following CARD-CARD interactions between Bcl-10 and CARD-9, CARD-10, or 
CARD-1 1. This subsequent oligomerization of Bcl-10 is expected to result in its 

activation^^ CARD . 1Qj CARD . n> and/or splice variants thereofmay be either 
positiveornegativeregulatorsofBcl-lOfunction. Thus, these proteins are potent,al 
Ctlforreiladnginflarnmation.cancer.NF-KB 

aoootosis in human disease. 

Moreexlensivornannnafi an wo-hybrid -ysis, bm6ng ^ ■» 

l»i Ptamids expressing CARD-9 with either FLAG or Myc epitopes were 
cornet* by inserting the open reading frame of CARD-9 into express vectors 
o^Tg cJ-2, pMYC CMV-2. and pCI (Pronrega). respectively. Confers encodnrg 

20 S^™^^^? 1 '^ 
274-17946) Plasmida expressing GFP fusions were conattucted using pEGFP 

C o ^ for manunalL two-hybrid assays, pCMV-CARD-9-CARD/AD an pCMV- 
^ofCABD-Sin.opCNaV-ADa.dpCNaVmrespecdve.yCS^gene.p^- 

cZlains info pCMV-CARD/AD and pCMV-BD, respectively (Sdafagene): Bel- 

,.,„), ASC (residues 92-195),caspase-l (residues 1-110), caspase-2 (nsrdues 1-122), 
^(residues 1-108), caspase-9 (residues 1-111), caspase-,1 (residue -122) 
caspase-^residues 1-12.,, 1AP-1 (residues 423-543), 1AP-2 (residues 
Jidues 1-108) and RAIDD (nsidues 1-108). The Bcl-10 monoclonal andbody (T3u at 
L 2000) was a gift from M. Dyer. Affinity purified CARD-9 antibody was rarsed ■„ 
its injected with a 15-raer pepdde (QKGWRQGEEDRENTT) correspond** to 
residues 512-526 of CARD-9 (Research Genetics). 
« FordKadditionalmanuuauanf^o-hybrid^^^ 

m Jo-««^- to «» 7,0,,grf,clw - CM,> *^ 
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750 ng of pCMV-CARD/BD, 250 ng of pFR-Luc firefly reporter (Stratagene), and 250 
ng of pRL-TK renilla reporter (Promega). For NF-kB assays, 293T cells were transfected 
with the following plasmids: 900 ng ofpNF-kB luciferase reporter (Stratagene), 100 ng 
of pRL-TK renilla reporter (Promega) and 1000 ng of indicated expression plasmids. 
5 Cells were harvested 24 h after transfection, and firefly luciferase activity was 

determined using the Dual-Luciferase Reporter Assay System (Promega). In addition, 
renilla luciferase activity was determined and used to normalize transfection efficiencies. 

Transfection of 293T cells with plasmids expressing the CARD of CARD-9 fused 
to the transcriptional activation domain of mouse NF-kB (CARD-9-CARD/AD) and the 
10 CARD of Bcl-10 fused to the DNA-binding domain of the yeast protein GAL4 (Bcl-10- 
CARD/BD) activated the mammalian two-hybrid reporter plasmid resulting in a 250-fold 
increase in relative luciferase activity. Likewise, expression of CARD-9-CARD/BD and 
Bcl-10-CARD/AD increased luciferase activity 75-fold. Co-expression of CARD-9- 
CARD with other CARD domains failed to activate luciferase expression indicating that 
1 5 the CARD of CARD-9 interacts selectively with the CARD of Bcl-10. 

The in vivo relationship between CARD-9 and Bcl-10 was investigated by 
coexpressing Flag-tagged CARD-9 and T7-tagged Bcl-10. Briefly, 293T cells 
transfected with plasmids expressing Flag-tagged CARD-9 and T7-tagged Bcl-10 were 
lysed in 50mM Tris, pH 7.6, 1 50 mM NaCl, 0.1 % Nonidet P-40 buffer and mcubated 
20 with anti-FLAG-M2 monoclonal antibody (Eastman Kodak Co) or Bcl-10 monoclonal 
antibody. The immune complexes were precipitated with protein G-Sepharose 
(Amersham Pharmacia Bio) or mouse IgG agarose (Sigma Co.), washed extensively, and 
then subjected to SDS-polyacrylamide gel electrophoresis and immunoblotted with 
polyclonal antibodies. Immunoprecipitation of Flag-tagged CARD-9 quantitatively 
25 coprecipitated T7-tagged Bcl-10 (Figure 18A). This association was dependant on the N- 
terminal CARD domain of Bcl-10 since CARD-9 failed to coprecipitate a variant Bcl-10 
with a point mutation (L41R; Srinivasula et al. 1999 J. Biol. Chem. 274:17946) that 
disrupts CARD-mediated homodimerization (Figure 18B). In addition, CARD-9 self- 
associated when expressed in cells suggesting that oligomerization may play a role in 

30 protein function (Figure 18C). 

To rule out the possibility that other proteins were necessary for the CARD-9/Bcl- 
10 interaction, the interaction of radiolabeled CARD-9 with GST-Bcl-10 was studied in 
vitro using atechnique described previously (Ahmad etal. 1997 Cancer Research 
57:615-619). Briefly Bcl-10 WT and L41R mutant were expressed in DH5 alpha 

35 bacteria as GST fusion proteins and equal amount of proteins were immobilized on 

glutathione-sepharose (Amersham-Pharmacia). Equal amount of S 35 methionine-labeled 
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CARD-9 protein was incubated with the protein bound septarose beads in 100 ul of 
biZgburT«r( 5 0mMTri^.pH7.6, .20 mM NaC, 0.5% Brij an, pro ease inMntors) 
r 3 hL. l l.eo^we re washed4,uneswi«, t hesa m eb«,rer and boded utSDS 

, IZadio^phy. 

(FiEure 18D). The amount of CARD-9 that assoetated with GST-Bel-10 (MIR) 
S^edconWngdtehnporUnc.ofnteBot-.OCARD domain ,„med.»hn g 

„ wnfiin S to ensure a npid response to upstieam sfin* To examine the 
ZL endogenous CARD-9 and Bcl-10, a polyclonal antibody Out sp~.ficaUy 
r^esC^wasnsen. ta ntu».b 1 o,ana lysi so,ex t rae K der i ve4^n human 
monocyte Thpl cells revealed a predominant band of approximately 70 kDa 

* endogenous CARD-9 (Figure » lane 1), and a 40 >cD. W 

„ IrJLdingtoendogenousBel-lO^^^ 

"1 CARD-9 indicatingmatbom endogenous p-oteins are associated withe** 
0therwithinThplcells(Figurel8E,lane2). ..,„, 

To determine the cellular localization of CARD-9, and to confirm 
a^inti-tiuWywimBol-.Owhea^^pTo^w--^^ 

M cells were transfected with a Myc-tagged vector encodmg full-length CARD-9, 

^^^p^o.bfflzed^dbtookedmbnfibroon.amingO^^X-.OO, 
llZl^yincubatedwimprtatuyandsecondatyantibodto 

-^(tcogl .Larch Products), Alaxa-488 Ooa, anti-mouse »(^* 

,0 PmbXd Texas-Red Go., anti-rabbi. IgG (lackson Immunoresearch 

^^wasob^edh^anyof^e^.Nuc.e.w^^^ 

„ w «M8 Images were acquired using a Nikon E800 microscope with a 60x (oil) 

Jfiwtue (Universal Imaging Corp.) wfth final images prepared ustng Adobe PhotoShop. 
35 Tne« ro pm.eins^bi^distir^ 1 yd i ff«mn,p^.fcdlute^» 
when either vector was transfected alone. Whereas BcMO exhibited either a clear panem 
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of discrete cytoplasmic filaments, or a diffuse whole-cell distribution, CARD-9 displayed 
a somewhat punctate cytoplasmic or wholes!! distribution, but 
fonnnlament-likestmc^^ 

however some of the CARD-9 was found to co-localize with the Bcl-10 filaments. This 
finding is consistent with the interaction of CARD-9 with Bcl-10 observed m co- 
imm uno P reci P itation experiments, and suggests that CARD-9 is recnuted to a 
cytoplasmic signaling complex with Bcl-10. 

Modulation ofN*-^ Activity bv CARD-9 

The ^ty of CARD-9 to activate NF-kB was investigated using a luciferase 

reporter gene directed by an NF-KB-responsive promoter. Expression of CARD-9 in 
293T cells induced NF-kB activity 8-fold compared to empty vector (Figure 19A). 
Activation was specific for NF-kB signaling since CARD-9 failed to activate a luciferase 

signaling complex within the transfected cells (Figure 19B). The domains of CARD-9 

ZZ^ the activation of NF-kB were investigated (Figure 19C). 

domains of CARD-9 were either unstable or insoluble, the CARD (residues c01 ^" 

activated NF-kB signaling to levels similar to that obtained with CARD-9-GFP. The 
coiled-coil and C-terminal domains when fused to GFP failed ^ activate repo^rgene 
expression establishing the CARD domain as the NF-kB activaUn ^ mam ! f A ^ d 

Tfceseresults.takenw^ 
Bcl-10 suggest that CARD-9 is a specific regulator of Bcl-10 function. CARD-9 cou d 

mictions. The resulting signaling complex may interact directly or indirectly with 
componenfsoffcelKKc^ 

of KKv Indeed the data described above data shows that both CARD-9 and Bcl-10 
form large oligomeric complexes (filaments) when overexposed in mammalian cells 
^ore,!nforcedoligomerizauonofmeC-te^ 

induce NF-kB activation, suggesting that the CARD domain of Bcl-10 functions ^ 311 
oration domain that transduces the activation signal to the IKK complex through 
its C-terminal domain. The ability of CARD-9 to form a complex with BcMO via 
CARD/CARD interactions supports the idea that Bcl-10 functions as an adaptor between 
the effector KK complex and the proximal signaling complexes that interact with 
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signals to Bcl-10 tough direct imerscdons with the C-.erm.nal co.led-cn.1 domatn of 
CARD-9. Taken together, tee results identity CARD-9 as an unportan. medrator of NT- 
kB signaling through Bcl-10. 

■^■.laHnn of NF-kB A rt^T by CAgBJO and CARD-1 1 

M — » binding of CARD-10 and CARD-11 to Bcl-10 descrtbed above suggests that 
CARD-10-Bcl-lOand CARD-ll-Bcl-10 interactions are part of a signaling pathway 
involved in apoptosis and NF-tcB acdvaUon. Consistent win, this signal unnsducon 
Z 1 CABf^ToandCARD-llwerelK.d.sht^^beinduce.ofNF.KBacnvatron. 

Zesaio. of CARD-10 resulled in » 134-fn.d increase in NF-xB activi* whereas 
cL-U expres S ionre S u,,ed i na24.foldincrea S ein N F-KBac,iv„y. Toevaluale 
whether ft. CARD-10- and CARD-1 1-media.ed NF-kB acdvarron cccu^vra a Bcl-10 
faction a Bd-10 dominant negative delete mutant (amino actds M0») — - 
, "wimeiteCARD-lOorCARD-.l. The donrn- negate Bcl-lO^uced 
cT R I>-10acdvadonofNF-KBby35-fold(.ol0, i me S abovebac^onnd). CARD-11 

activation was reduced by Wold (to 1.7 times above background). Tms suggests te 
^To^CABD-n^nps^regn.a.omofBd-lO^ema^^xB^v^ 

The NF-kB activiry assay was perfortned by coWecting an NF-kB reporter 
0 masmidwithaconrtrtsctencodingCARD-lOorCARD-ll. In the reporter plasmtd the 
tocrlgenewasplacedundermeconbclofmeNF-KBprnmo^. Relabve luctfemse 
!^de^s tft .«ndof to «^««.o^NF-KBp*hw.y~ 

_by_CARD-10 or CARD-1 1. - - _ ^ tR 

Additional studies on the arfvadon of by CARD-1 1 were performed. For NF-kB 
,5 assays 293Tccllswer.^^vnm4efollov™gplasmids:900ngofpOT-kB 
rcuiere P orter(S tt »ag.„e), 100 „ of pRL-TK renins report. (Pronteg. and 1O00 
.r„f indical^d expression plasmids. Cells were harvested 24 h after tnmsfecfon, and 

30 — — ^TtewhenCARf,.. is expressed in 293T cells, NF-kB 
activity is induced 20- to 40-fold compared to empty vector .^"^^^J^ 
occuncd through me IKK complex since d omma„,-nega,,ve ^tons of BCK-g and IKK 
b blocked the ability of CARD-1 1 to induce NF-kB activity (dam no. shown). To 

« detenninethemloofmdividualdomainsinNF-kBsignaling,asen«ofN.andC. 

nrIcaUonmuUn B ofCA R D.l.w« re oo Mm c, d (Fig.20B,. TheN-lennma. 
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CARD of CARD-1 1 was essential for NF-kB signaling sine, deletion of this domain 
eliminated the induction of NF-kB activity (Fig. 20Q. Immunoblot analysis revealed 

of taction -».^»^'^° f ^~ 
5 SH3 and OUK domains were not required for NF-kB srgnahng smce deletion of these 
„mainshadnoe ff eo,o„meabili W ofCA W3 -...oinduc«NF ; kBactiv, ; y. However^ 
C AM .nmu M ,.ack m gi«sC..ermmdFD Z ,SH3a nJ OUKdom^^™ 

activity to levels 4- to 5-fold greater than that obtained with wt protem (Ftg. 20C) Thus, 

10 by CARD-11. 

r A P p_i i interacts with NF-kB 

^To identify the binding partners of CARD-11, amammalian two-hybnd analysis 
was performed using the CARD domains of 1 5 known proteins. For mammdian two- 
1 5 hybrid assays, 293T cells in 6-well plates (35-mm wells) were transfected with the 

individualCARD domains, ™*«^™^<^)££? 
of pRL-TK renilla reporter (Promega). pCMV-CARD-ll/AD and pCMV-CARD/BD 
pllids were constructed by inserting individual CARD domains mto pCMV- 
20 CARD/ADand P CMV-BD,respectively(Strat^ 

(residues l^mt^W^^^^^ 1 - 1 ^ 0 .^^ 
95) caspase-1 (residues 1-110), caspase-2 (residues 1-122), caspase^ (restdues -108), 
Wlft caspase-U.1 (residues 1-122), caspase-12 (res. ues 1-121), 
"lAP-1 (residues 423-543), IAP-2 (residues 450-557), Apaf-1 (residues 1-108) and 
25 RAIDD (residues 1-1 08). Cells were harvested 24 h after transfection, and firefly 
.uciferaseacuvitywasdetermmedusingmeDual-Lucif^ 
• (Promega). In-addition, renilla luciferase-activity was determined and used to normahze 

transfection efficiencies. . 

The CARD of-CARD-11 interacted with the CARD of BcllO resulting in a 17- 
30 foldincreaseinrelativeluciferaseactivity. Co-expression of 

other CARD domains failed to activate luciferase expression indicating that the CARD 
CARD-11 interacts selectively with theCARD ofBcl-10. These data suggest that 
CARD-11 is a signaling partner of Bcl-10. 

The interaction between CARD-1 1 and Bcl-10 was next examined ui cells by 
35 overexpressingCARD-11 is ceUs and performing co-immuno P reci P itation assays. These 
Zswereperformedasfollows. Plasmids expressing CARD-1 1 with C-terminal Myc 
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10 



15 



20 



25 



epitopes were constructed using pCMV-Tag 5 A (Stratagene Corp., La Jolla, CA) _ 
cLLtsencodingepitop^ 

199 1 J Biol. Cher, 274:17946). 293T cells transfected with the plasnuds were lysed in 
50n^Tris, P H8.0 ) 120nuMNaairnMEDTA0.5«/oNonidetP-40bufferand 

LtTatedlanti-Flag^monoclonal antibody (Sigma ^ i^une complexes 
were precipitated with protein G-Sepharose (Amersham Pharmacia Bio), washed 
extensively, and then subjected to SDS-polyacrylamide gel electrophoresis and 
lunoblottedwimpolyclonalanti-Mycan^ 

This study showed that Flag-tagged Bcl-10 quantitatively cc-preci P ,tated Myc-tagged 
CARD-H(Fig.21,lane3). The association is mediated by the N-terminal CARD 
do^nofCARD-llasdemonstratedbythe fact that Bcl-10 did not co-prec,pitate w lt h a 
truncated form ofCARDll lacking its CARD (Fig. 21, lane 5). 

To confirm the interaction between CARD-11 and Bcl-10, co-locahza ion 
experimentswereperformedwithfull-lengthCARD-11. In these studies, cells were 
Ilted in glasschamber slides (BioCoat, Becton-Dickinson Labware) w,th plasm.ds 
^ingHA-tag^ 

MolecularBiochemicals)for20h. Cells were fixed in 4% pamformaldehyde, 
Imeabilized and blocked in buffer containing 0.4% Trition X-100, and sequenUa ly 
Zb^e withprimary and secondary antibodies: rabbit anfi-HA polyclonal Y-ll Santa 
^Biotechnolog^)^^^^^ 

Alexa-488 Goat anti-mouse IgG (Molecular Probes) and Alexa-594 Goat anU-rabbit IgG 
(molecular probes). No cross-reactivity was observed between any of the anUbodies. 
Les were acquired using a Nikon T200 microscope witha60x oil objective and an 
S ^digital camera (Hammamatsu, Inc.) driven by MetaMorph software (Umversal 
Imaging Corp.). Final images were prepared using Adobe PhotoShop. 

When these two proteins were co-expressed in the same cell, some of the CARD- 
-11-wasfoundtoco-locaUzewiththeBcl-lO. This finding is consistent with an 

ntZuular interaction between CARD-11 and Bcl-10, ^suggests that CAR^-ll-y 

Lrecrmtedtoacytoplasmicsignalmgcomp^ 
, domain of CARD-1 1 was required for this interaction, the localization of a CARD-11 

Zcationmutant lacking the N-terminal CARD (CARD-1 1/DCARD) was exammed. 

When expressed alone, CARD-1 1/DCARD displayed a similar cellular localization 

pTttemtothatoffull-lengthCARD-ll. When co-expressed with Bcl-10, however, 

CARD-1 1/DCARD was not found to co-localize with Bcl-10. 
5 Given that the C-terminal PDZ/SH3/GUK domain of CARD-11 is inhibitory ,n 

NF-kB assays, this domain might interfere with the interaction between CARD-1 1 and 
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BcllO Totesttoid^aCABD-llprottinlaokmgitsC-tenmnaldomam 
(CABDll/CABD+CQwasexpressrf. CARD 1 1 /C ARD+CC was majnly localized to 

2 CARD-1 ./CARIHCC was found in cytoplasmic aggregates .hat co-locahaed w* 

^TcH« ^ SOS gels as a triple, ranging in «*e fioro 29 ti, 32 kD. due ,o 
ohosphorylation of its C-tenntoal domain (Srinivasula et tu.19997. Biol Ctaa 

Koseki e, al.. 1999 J. Biol Om. 274:9955-61). Treatirren, of cell lysa.es 
wimcalfimeamtalalkalmephosphalaaeelirmnausmeslowcrrmgm^ 
demonstrating that the fastest migrating band represents nnphosphorylated BcMO. Su.ce 
ITsphory Jon can play a critical role m signal transducaio* so. ies were perfo^ to 
detelne whether co-expression of CARD-11 indnces me phosphoryUoon of BcMO 
L 22). When expressed alone, HA-^Bol-lOUpnnttnalyunph^horyl^ flan. 
, f owerband).Howev CT ,co.expressionofCARD-.l maAedly increased «,, * 
nosphorylati Bcl-.O represented by me slow. migrating bands flane 3 and * mrddle 

phosphorylation of Bcl-10 indicating drat me obsenred •^^^^ 
Ltiflctoco-expresaion withCARDlUdaUno, shown). The mdncaonofBcl-10 

„ rro^onisdep.den.onmeN-.ertni^. CARDofCARD-11 stace co-express,„n 

,e,els(U».5a»dl0). Immrmob.0, analysis revealed mat meMycUggedhtmoatton 
„Z were express* a, levels similar ,o „ protein suggesting ma, 
no, due ,o reduced leveU. of expression. Taker together, drese data suggest mat CARD-11 
!5 MucesphosphorylanonofBcl.lOviatoN.tennuralCARJJtor^ 

CARD-lliaaspeeiflcreg».a,orofBc.-10funcuo„. The fmdmgdra, CARD-11 

as upstieanr activator of BcMO. As discussed above, CARD. 

activation domain of Bel-10 and signals NF-kB activation. Thus, CARDU and CARD 9 

t0 me acdvadon of Bcl-10 and NF-kB. In response ,o upstream srgnals, ,he corW-corl 
domains could mediae self-association of CARD-1 1 resulting in the aggregation and 

activation of tire IKK complex and NF-kB flnohara e, a.. 1999 J. B,o . CH^ »1« 
,5 Pove,e,al 1999). Thus, CARD-llconld function in a manner analogous to Apaf-1 and 
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k • ^dvedownstreamCARDbinmngpartnea. The data showing that CARD- U 
their respective downstie tot sisrol transduction may involve the 

induces ore phosphorylatron of WO PDZ/SH3/GUK domains of 

participation of a sednerthreontne tanase. The CNmrnmal F 

signals. PDaorU/uu person, 1999 Curr Opia Ceil 

m assomatewith the ^-j2S wlMB ^t- 

r^r^— rLof^f.c^.Thus.c^u 

LLllu.ardomainofarecep.ortotsignals.heacttvahonofNF-aB. 

Low expression is present in lung CARD w chronic Myelogenous 

Leukemia K562 cells, BurkHfs Lymphoma Raj, cells and Colorectal A 
20 SW480 cells- 

TABLE .i Summary of Rat CAW* Hum.. CARD-9, Hum,. CARD-10, and 
Human CARD-U Sequence Information 




TABLE 2: Summary of Domains of Rat CARD-9 



Domain 

CARD 
Coiled-coi^ 



Loca tion 
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Indole-3-glycerol phosphate < 
synthase 


ibout amino acid residues 197-213 of SEQ ID NO:2 


PvQtpine rich repeat 


about amino acid residues 285-338 of SEQ ID NO:2 


TABLE 3: Summary of Domains of Human CARD-9 


Domain 


Location ■ 


CARD 


about amino acid residues 7-98 of SEO ID NO:5 


Coiled-coil 


about amino acid residues 140-416 of SEO ID NO:5 


Indole-3-glycerol phosphate 
synthase 


about amino acid residues 197-213 of SEQ ID NO:5 


Pvcteine rich repeat 


.Knnt am ino acid residues 285-338 of SEQ ID NO:5 


TABLE 4: Summary of Domains of Human CARD-10 


Domain 


Location — 


CARD 


about amino acid residues 23-123 of SEQ ID NO:8 


Coiled-coil 


about amino acid residues 147-457 of SEQ ID NO:8 


SH3 


about amino acid residues 704-772 of SEO ID NO:8 


Guanylate kinase (GUK) 


about amino acid residues 830-1032 of SEQ ID NO:8 


tropomyosin 


about amino acid residues 366-398 of SEO ID NO:8 




,hnnt Amino acid residues 457-1032 of SEQ ID NO:8 


TABLE 5: Summary of Domains of Human CARD-11 


Domain 


Location . — 


CARD 


abouTainTnoTcid residues 6-1 12 of SEO ID NO:l 1 


Coiled-coil 


about amino acid residues 130-431 ofSEQIDNO:ll 


PDZ 


about amino acid residues 635-748 of SEQ ID NO:l 1 


SH3 


about amino acid residues 766-834 of SEO ID NO:l 1 


Guanylate kinase (GUK) 


about amino acid residues 882-1147 of SEQ ID NO:ll 


MAGUK 


about amino acid residues 635-1147 of SEQ ID NO:ll 



10 



A plasmid containing a encoding rat CARD-9 (p__> was deposited with the 
American Type Culture Collection (ATCC), 10801 University Boulevard 
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v a Ml 10 on 1999, and assigned Accession Number . This 

Recognition of the Deposit oi Microu ^ 
This deposit was made merely as a convenience for those of skill 
5 admission that a deposit is required under 35 US j~ § V^ ^ ited with 

A plasmid containing a __ encoding human CARD-9 (p_J P 

Thi. deposit was made merely as a convenience for those of skill 
admission to, adeposit is required under 35 U.S.C §1 12 

A plasnudconlaininga_eocoduighumanCARD-10(P_J «P» 
^toLerican^eCulnrreColWonCATCC), ,080. ^Bou.^ 

15 ^ VA 20. .0, on .999, - ^^CtTu^i 
daposUwfl.b.rnain^untoto^of^ap^^on ^ 

Tte deposit was made merely as a convenience for those of stall m the 
admission thatadeposi. is required unda r35U.S.C. §ltt ^ 
M Aplasmidcontaininga^encodrnghumanCARD-ll IP—)'™ 5 * 

admission that a deposit is required under 35 U.S.C. §1 12. 
- - - Aregion, the CARD domain, of rat CARD-9 (amino acid 

. •., t o$n human CARD-10 (amino acid residues 23-123), 
C ARD-9 (amino acid residues 7-98), human <^a*u v v 

oaku ? v- 11 " nroteins bears some similarity to the 

30 ^ledinformahonermcemlngC^ 
SSwwiM. CAKW. CARD-7. CAKD-8, and CARD-12 can be found . US. 

WINo 09/245 2S1 filed February 5, 1999, U.S. Application Senal No. 
Application Senal No. OVMivot,""" , - •.,,«„ no/noo 041 filed June 
097207,359, filed December 8, 1998.U.S. Apphcatton 8«l No. MMMW. 

« 17 1998 U S. Application Serial No. 09/019,942, filed February 6, 1998, U.S. 

35 1/, iw, u.o.ahf Q jtjc Application Senal 

Application Serial No. 09/428,252, filed October 27, 1999, and U A. A PP 
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is incorporated hereinby reference. Delailed information "-^^'l "? 
CARD 15 can be found inUS. Application Serial No. 09/573,640, Bled May 17 2000. 
££L information — , CARD-.4 can be found in US. Applicanon Senal No. 
60/181,159, filed Febnmy 9, 2000. The entire content of theae appltcahons ta 
incoipoiated herein by reference. 

M.n,hmne-Ass<y "" ■< """in Interactions _ 
p^eto^dninteracdona are required for the proper aaaembly of membrane- 
associated protein complexes and for the localization of tee complexes to the 

elements A class of proteins known as membrane-associated guanylate kinases 

PDZ domain, an SH3 domain, and a guanylate kinase (GUK) domam. MAGUK pre«n» 
2 . been fomrd to be associated wifo the plasma membrane, including ore discrete ocd 
compriserhehigM, ordered synapse, Studies of MAGICS, - 
ftey taction as scaffolding profotas and that the PDZ domams are used to tether 
Jsmembrane PK> «eins in specific shuctura! domains wifoin foe ptona membrane 
(Fanning and Anderson (1999) Curmrr Opinion in Cell Biology 1 1:432). 

A C-fonninal region of human CARD-1. (about amino acrd residue, ,635-114 of 
SEQ ID NO:l 1) and CARD-10 (about amino acid residues 457-1032 of SEQ ID MM 
LXaaeriiof domain, found ta members of Ore MAGUK pretein tardy. All uuee 

, ^Lir^ou^^ 

g about anrino acid residues 635-748 of SEQ ID NO:ll); an SH3 domam (.*, abou, 
anrino acid residues 766-834 of SEQ ID NO:l 1); and a GUK domain (e.g, about amnio 
acid residues S82-1147 of SEQ ID NO:l 1). CARD-10 possess* an SH3 domarnfe*., 
abou, amino acid residues 704-772 of SEQ ID NO:8) and a GUK domam («*, abou 
0 amino acid residues 830-1032 of SEQ ID NO:8), as well as a region beanng homology to 
P D Zdomains(c.g,abo««amtaoacidresidues457-703ofSEQroNO : ). 

The C-rertninal MAGUK-homology regions of CARD-10 (abou, ammo mi 
residues 457-1032 of SEQ ID NOiS) and CARD-11 (abou, amino acid reardt.es 635-1 147 

,5 acUvattonofCARD-lOandCARD-llbynpstteamsignaUngprofo^. ^-'"T^ 
CARD-1 1 are likely membrane-asaocia,ed via PDZ interactions wr* a receptor. CARD- 
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murine homologue of that protein. Members of a family may 

common functional acuvity. i-orex p , . .preferably 75% identity, 

-more preferably 85/o, 95/c or y ' CARD-10, or CARD-11 activity", 

As used interchangeably herein a CAKD-*,*^*^ ' 

, 7* I .f CARD-9 CARD-10, or CARD-H" or "functional activity of 
25 "biological activity of CARD* CARD & ^ , CARD- 

PARD-9. CARD-10, or CARD-11 .reters roan «, j apd-IO 

r^DM resoonsiva cell as detennined ft. vivo, or ft, vi», accordmgto standard 
" ^ .XTcARWO, or CARD-11 may ac, as apro-apop.odopro.amor an 
.actaquaa. CARD-9, CAM V , ^ A CARD-9, 

30 ao.i-apop.o..a prolem (..e., .. migh. act aec barton with or an 

CA M >10.orCA 1 U>..^vi«,c m ba.dn^v^-.^ 

^aon^onasacondprorarnor^ '* rCARD . u ptoteinwil l a 
activity mediated by interaction of the CARD-9, CAKU 

second protein. , paRD-9 CARD-10, or CARD-11 activity can include at 

35 w rrrrX O^^-P--- 
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apoptotic or inflammation signaling pathway (ii) the ability to interact with a CARD-9, 
CARD-10 or CARD-1 1 ; or (iii) the ability to interact with an intracellular target protein; 
(iv) the ability to interact, directly or indirectly with one or more with proteins havmg a 
CARD domain, e.g., Bcl-10, a caspase, or an IAP (e.g., IAP-1 or IAP-2); (v) the abthty to 
5 modulate the activity of a caspase, e.g., caspase-9; (vi) the ability to modulate the activity 
of NF-kB- (vii) the ability to interact directly or indirectly with a Bcl-2 family member; 
(viii) the ability to modulate Bcl-10; (ix) the ability to modulate the activity of a stress 
activated kinase (e.g., JNK/ P 38); and (x) the ability to modulate phosphorylation of 
CHOP (GADD 153). CARD-9, CARD^IO, or CARD-1 1 nucleic acid and polypeptides 
10 as well as modulators of activity of expression of CARD-9, CARD-10, or CARD-1 1 
might be used to modulate an Apaf-1 signaling pathway. CARD-9, CARD-10, or 
CARD-1 1 may modulate the activity of a neurotrophin receptor and thus modulate 
apoptosis of neuronal cells. Accordingly, CARD-9, CARD-10, or CARD-1 1 nucleic 
acids and polypeptides as well as modulators of CARD-9, CARD-10, or CARD-1 1 
1 5 activity or expression am be used to modulate apoptosis of neurons (e.g., for treatment of 
neurological disorders, particularly neurodegenerative disorders). 

Accordingly, another embodiment of the invention features isolated CARD-9, 
CARD-10, or CARD-1 1 proteins and polypeptides having a CARD-9, CARD-10, or 

CARD-1 1 activity. t . 

20 Various aspects of the invention are described in further detail in the following 

subsections. 

I isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 
25 CARD-9 CARD-10, or CARD-11 proteins or biologically active portions thereof, as 
well as nucleic acid molecules sufficient for use as hybridization probes to identify 
CARD-9 CARD-10, or CARD-11 -encoding nucleic acids (e.g., CARD-9, CARD-10, or 
CARD-1 1 mRNA) and fragments for use as PCR primers for the amplification or 
mutation of CARD-9, CARD-10, or CARD-11 nucleic acid molecules. As used herein, 
30 the term "nucleic acid molecule" is intended to include DNA molecules (e.g., cDNA or 
genomic DNA) and RNA molecules (e.g., mRNA) and analogs of the DNA or RNA 
generated using nucleotide analogs. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 

An "isolated" nucleic acid molecule is one which is separated from other nucleic 
35 acid molecules which are present in the natural source of the nucleic acid. Preferably an 
"isolated" nucleic acid is free of sequences (preferably protein encoding sequences) that 
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which naritrally U «- «■* acid (i.e., sequel located a. «he and 3' ends of the 
nue.eic.eifl^geooMcMU.f.heo^^^^;; 
derived. fc^h^-*-ta**H-«^«MM> !«■- 
CABD-11 nucleic acid molecole can coatain less than about 5 kb, 4 kb, 3 kb ,2kb 1 kb, 

ingenotnicDNAoftheceUftomwhichthenucleicacidisderived Moreover, an 
"/elated" nucleic acid molecufe, such as a cDNA molecule, can be substanttaUy free of 

substantially free of chemical precursors or other chemicals when chemtcally 
ta ^m.l^d.a^u= TO .ofSEQ m NO :1 ,SEQn> N 0:3.SEQID N a4SEQn ) 

.rob the cDN A of ATCC , the cDNA of ATCC , the cDNA of 

,5 ATCC Z^r a complement of any of these nucleotide sequences, can be tsolated uatng 
Ldard^lecularbiologyte^ 

Using all ot portionof the nucleic acid sequences ofSEQH>NO:l, SEQ IDNMSB) 
V rZ , «m«0* SEQE, HO:7, SEQfDNO* SEQ^NO 

,a. „™a of ATCC the cDNA of ATCC , the cDNA of ATCC , or the 

20 cDNA^fATCC^ -as^ybddizadon probe, CARD-9, CARD-.O, or CARD-U 
nLicacidmole^canbeisoUteduaingahmdardhybridiaadonandclomng 

a S de S cribedinSambrooke,al.,eda.,Mo to laraoning: AIM) 

DNA aa a template and appropriate oligonucleotide primers accordmg to standard PCR 

Z randchsmcterized by DNA sequence analysis. Furihennom, o.tgonucleoudes 
jt™ t„ r-ARD-9 CARD-10, or CARD-1 1 nucleotide sequences can be 

toLuterembodimentaniso.a.ednuc.eicacidmo.eculeofthetnven.ton 

SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, the cDNA of ATCC . the cDNA 

« !f ATCC _ J cDNA of ATCC _ ute cDNA of ATCC _ or a portton 

^ A^eic acid molecule which is complement^ to a given nuc.eo.tde sequence 
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is one which is sufficiently complementary to the given nucleotide sequence that it can 
hybridize to the given nucleotide sequence thereby forming a stable duplex. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion 
of a nucleic acid sequence encoding CARD-9, CARD-10, or CARD-1 1, for example, a 
5 fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of CARD-9, CARD-10, or CARD-1 1. The nucleotide sequence 
determined from the cloning of the CARD-9, CARD-10, or CARD-11 gene allows for 
the generation of probes and primers designed for use in identifying and/or cloning 
CARD-9, CARD-10, or CARD-1 1 homologues in other cell types, e.g., from other 
10 tissues, as well as CARD-9, CARD-10, or CARD-1 1 homologues and orthologs from 
other mammals. The probe/primer typically comprises substantially purified 
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide sequence 
that hybridizes under stringent conditions to at least about 12, preferably about 25, more 
preferably about 50, 75, 100, 125, 150, 175, 200, 250, 300, 350 or 400 consecutive 
15 nucleotides of the sense or anti-sense sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID 
NO:4, SEQ IDNO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, the 

cDNA of ATCC , the cDNA of ATCC , the cDNA of ATCC , the 

cDNA of ATCC , or of a naturally occurring mutant of one of SEQ ID NO: 1 , SEQ 

ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, 

20 SEQ ID NO:12, the cDNA of ATCC , the cDNA of ATCC , the cDNA of 

ATCC , or the cDNA of ATCC . 

Probes based on the CARD-9, CARD-10, or CARD-11 nucleotide sequence can 
be used to detect transcripts or genomic sequences encoding the same or similar proteins. 
The probe comprises a label group attached thereto, e.g., a radioisotope, a fluorescent 
25 compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part of a 
diagnostic test kit for identifying allelic variants and orthologs of the CARD-9, CARD- 
10, or CARD-1 1 proteins of the present invention, identifying cells or tissue which 
mis-express a CARD-9, CARD-10, or CARD-1 1 protein, such as by measuring a level of 
a CARD-9, CARD-10, or CARD-11 -encoding nucleic acid in a sample of cells from a 
30 subject, e.g., detecting CARD-9, CARD-10, or CARD-11 mRNA levels or deterrnining 
whether a genomic CARD-9, CARD-10, or CARD-1 1 gene has been mutated or deleted. 

A nucleic acid fragment encoding a "biologically active portion" of CARD-9, 
CARD-10, or CARD-1 1 can be prepared by isolating a portion of SEQ ID NO:l, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ 

35 ID NO:12, the cDNA of ATCC , the cDNA of ATCC , the cDNA of ATCC 

t or the cDNA of ATCC , which encodes a polypeptide having a CARD-9, 
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CARD-10, or CARD-1 1 biological activity, expressing the encoded portion of CARD-9, 
CARD-1 o' or CARD-1 1 protein (e.g., by recombinant expression in vitro) and assessing 
the activity of the encoded portion of CARD-9, CARD-10, or CARD-1 1. For example, a 
nucleic acid fragment encoding a biologically active portion of CARD-9, CARD-10, or 
5 CARD-1 1 includes a CARD domain, a coiled- coil domain, a PDZ domain, an SH3 
domain, or a GUK domain. 

The invention further encompasses nucleic acid molecules that differ from the 
nucleotide sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ 

ID NO:7, SEQ ID NO:9, SEQ ED NOtlO, SEQ ID NO:12, the cDNA of ATCC , the 

10 cDNA of ATCC , the cDNA of ATCC , and the cDNA of ATCC , due 

to degeneracy of the genetic code and thus encode the same CARD-9, CARD-10, or 
CARD-11 protein as that encoded by the nucleotide sequence shown in SEQ ID NO:l, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID 

NO:10, SEQ ID NO:12, the cDNA of ATCC , the cDNA of ATCC , the cDNA 

15 of ATCC .orthecDNAof ATCC. 
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In addition to the CARD-9, CARD-10, or CARD-1 1 nucleotide sequence shown 
in SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 

NO-9 SEQ ID NO:10, SEQ ID NO:12, the cDNA of ATCC , the cDNA of ATCC 

" 'the cDNA of ATCC and the cDNA of ATCC , it will be appreciated 

20 by~foose skilled in the art that DNA sequence polymorphisms that lead to changes m the 
amino acid sequences of CARD-9, CARD-10, or CARD-1 1 may exist within a 
population (e.g., the human population). Such genetic polymorphism m the CARD-9, 
CARD-10 or CARD-1 1 gene may exist among individuals within a population due to 
natural allelic variation. As used herein, the terms "gene" and "recombinant gene" refer 
to nucleic acid molecules comprising an open reading frame encoding a CARD-9, 
CARD-10 or CARD-1 1 protein, preferably a mammalian CARD-9, CARD-10, or 
CARD-1 1 protein. Such natural allelic variations can typically result in 1-5% variance in 
the nucleotide sequence of the CARD-9, CARD-10, or CARD-11 gene. Any and all such 
nucleotide variations and resulting amino acid polymorphisms in CARD-9, CARD-10, or 
CARD-11 that are the result of natural allelic variation and that do not alter the functional 
activity of CARD-9, CARD-10, or CARD-11 are intended to be within the scope of the 
invention. Thus, e.g., 1%, 2%, 3%, 4%, or 5% of the amino acids in CARD-9, CARD- 
10, or CARD-11 (e.g., 1, 2, 3, 4, 5, 6, 8, 10, 15, or 20 amino acids) are replaced by 
another amino acid, preferably by conservative substitution. 
35 Moreover, nucleic acid molecules encoding CARD-9, CARD-10, or CARD-1 1 

proteins from other species (CARD-9, CARD-10, or CARD-1 1 ormologs/homologues), 
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which have a nucleotide sequence which differs from that of a CARD-9, CARD-10, or 
CARD-1 1 disclosed herein, are intended to be within the scope of the invention. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the 
invention is at least 150 (300, 325, 350, 375, 400, 425, 450, 500, 550, 600, 650, 700, 800, 
900, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400, 
3600 3800, 4000, 4200, or 4250) nucleotides in length and hybridizes under stringent 
conditions to the nucleic acid molecule comprising the nucleotide sequence, preferably 
the coding sequence, of SEQ ID NO:l, SEQ ID NO:3, SEQID NO:4, SEQ ID NO:6, 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO: 12, the cDNA ofATCC 

the cDNA ofATCC , the cDNA ofATCC , or the cDNA ofATCC 



15 



20 



25 



30 



As used herein, the term "hybridizes under stringent conditions" is intended to 
describe conditions for hybridization and washing under which nucleotide sequences at 
least 60% (65%, 70%, preferably 75%) identical to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the art 
and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. 
(1989) 6 3 1-6.3.6. An, non-limiting example of stringent hybridization conditions are 
hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one 
or more washes in 0.2 X SSC, 0.1% SDS at 50-65 C (e.g., 50°C or 60°C or 65'C). 
Preferably, the isolated nucleic acid molecule of the invention that hybndizes under 
stringent conditions corresponds to a naturally-occurring nucleic acid molecule. As used 
herein a "naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule 
having a nucleotide sequence that occurs in a human cell in nature (e.g., encodes a natural 
protein). 

In addition to naturally-occurring allelic variants of the CARD-9, CARD-10, or 
CARD-1 1 sequence that may exist in the population, the skilled artisan will further 
appreciate that changes can be introduced by mutation into the nucleotide sequence of 
SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 

NO-9 SEQ ID NO:10, SEQ ID NO:12, the cDNA ofATCC , the cDNA ofATCC 

,'the cDNA ofATCC , or the cDNA ofATCC , thereby leading to 

changes in the amino acid sequence of the encoded protein without altering the functional 
ability of the protein. For example, one can make nucleotide substitutions leading to 
amino acid substitutions at "non-essential" amino acid residues. A "non-essential" ammo 
acid residue is a residue that can be altered from the wild-type sequence of CARD-9, 
CARD-10, or CARD-1 1 protein without altering the biological activity, whereas an 
•■essential"' amino acid residue is required for biological activity. For example, amino 
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acid residues that are conserved among the CARD-9, CARD-10, or CARD-1 1, proteins 
of various species are predicted to be particularly unamenable to alteration. 

For example, preferred CARD-9, CARD-10, or CARD-1 1 proteins of the present 
invention contain at least one CARD domain and at least one coiled-coil domain. 
5 Additionally a CARD-10 and CARD-1 1 protein also contains at least one SH3 domam 
and at least one GUK domain. A CARD-1 1 protein also contains at least one PDZ 
domain. Such conserved domains are less likely to be amenable to mutation. Other 
amino acid residues, however, (e.g., those that are not conserved or only semi-conserved 
among CARD-9, CARD-10, or CARD-1 1 of various species) may not be essential for 
10 activity and thus are likely to be amenable to alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding CARD-9, CARD-10, or CARD-1 1 proteins that contain changes in amino acid 
residues that are not essential for activity. Such CARD-9, CARD-10, or CARD-1 1 
proteins differ in amino acid sequence from SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, 
15 or SEQ ID NO:ll and yet retain biological activity. In one embodiment, the isolated 
nucleic acid molecule includes a nucleotide sequence encoding a protein that includes an 
amino acid sequence that is at least about 45% identical, 65%, 75%, 85%, 95%, or 98% 
identical to the amino acid sequence of SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or 
SEQ ID NO:l 1. An isolated nucleic acid molecule encoding a CARD-9, CARD-10, or 
20 CARD-1 1 protein having a sequence which differs from that of SEQ ID NO:l, SEQ ID 
NO-3 SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ 

ID NO:12, the cDNA of ATCC , the cDNA of ATCC , the cDNA of ATCC 

, or cDNA of ATCC ,can be created by introducing one or more nucleotide 

^timtionl, additions or deletions into the nucleotide sequence of CARD-9, CARD-10, 
25 or CARD-11 (SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID 

NO:7, SEQ ID NO:9, SEQ ID NO.10, SEQ ID NO:12, the cDNA of ATCC , the 

cDNA of.ATCC.___, the cDNA of ATCC , or the cDNA of ATCC ) such 

that one or more amino acid substitutions, additions or deletions are introduced into the 
encoded protein. Mutations can be introduced by standard techniques, such as 
30 site-directed mutagenesis and PCR-mediated mutagenesis. Preferably, conservative 
amino acid substitutions are made at one or more predicted non-essential ammo acid 
residues. Thus, for example, 1%, 2%, 3%, 5%, or 10% of the amino acids can be 
replaced by conservative substitution. A "conservative amino acid substitution" is one in 
which the amino acid residue is replaced with an amino acid residue having a similar side 
35 chain. Families of amino acid residues having similar side chains have been defined in 
the art. These families include amino acids with basic side chains (e.g., lysine, arginine, 
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histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side 
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), 
nonpolar side chains (e.g., alanine,_valine, leucine, isoleucine, proline, phenylalanine 
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) 
and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a 
predicted nonessential amino acid residue in CARD-9, CARD-10, or CARD-11 is 
preferably replaced with another amino acid residue from the same side chain family. 
Alternatively, mutations can be introduced randomly along all or part of a CARD-9 
CARD-10 or CARD-1 1 coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for CARD-9, CARD-10, or CARD-1 1 biological 
activity to identify mutants that retain activity. Following mutagenesis, the encoded 
protein can be expressed recombinantly and the activity of the protein can be determined. 

In an embodiment, a mutant CARD-9, CARD-10, or CARD-1 1 protein can be 
assayed for: (1) the ability to form proteimprotein interactions with proteins in the 
apoptotic signaling pathway; (2) the ability to bind a CARD-9, CARD-10, or CARD-1 1 
ligand; or (3) the ability to bind to an intracellular target protein. 

' The present invention encompasses antisense nucleic acid molecules, i.e., 
molecules which are complementary to a sense nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be complementary 
to an entire CARD-9, CARD-10, or CARD-1 1 coding strand, or to only a portion thereof, 

eg Mm.P^oiihtmm?^^ 0 ^ 010 ^^^^- Anant,sense 

Tucieic acid molecule can be antisense to a noncoding region of the coding strand of a 
nucleotidese q uenceencodingCARD-9,CARD-10,orCARD-ll. Thenoncoding 
regions ("5' and 3' untranslated regions") are the 5' and 3' sequences that flank the coding 
region and are-not translated into amino acids. Given-the coding, strand sequences 
encoding CARD-9, CARD-10, or CARD-11 disclosed herein, antisense nucleic acids of 
the invention can be designed according to the rules of Watson and Crick base pairing. 
The antisense nucleic acid molecule can be complementary to the entire codmg region of 
CARD-9 CARD-10, or CARD-1 1 mRNA, but more preferably is an oligonucleotide 
which is antisense to only a portion of the coding or noncoding region of CARD-9 
CARD-10 or CARD-11 mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of CARD-9, CARD-10, 

i or CARD-1 1 mRNA. An antisense oligonucleotide can be, for example, about 5, 10, 15, 
20 25 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of the 
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„L precede known in the art. For example, . £ 
using pro . chemically synthesized using naturally occurring 

os ed ,0 generate the andsense nucleic acid include 5-fluorouraod, 5-bromouraal, 
,0 ZaNI-M -* 5-c»d»xyn,ed,yla^»on,eu,yl-2-4.o«nd.ne, 

SCTenyladenine, .-memylguHtine, «W1^2**-WP-* . 

2-me.hy.guanine, 3.meuiy,cytosine, 5-m.a.yfcylosto. NMM 
5-medry.anunomemyltnacil, ^euioxyanduonretliy.-^urac,,, 
15 J sylqueosine, 5 .-methoxycarboxyme*yluracu, S-meuroxyuracrl, 

> memyi , 2-carboxypropyl) uracil, (acp3)w, and 

'iXwI^^^fteinsenednnoleicaeidwillbeof an^sens. 
^raC-eioaeiddrinteres.descH.ed^erinUrefoUowing 

25 ^tLds.senuoleicaoidn.olecu.esof-neinvendon 

,o a subjec, or generated in sin. such that they hybridize with or btnd to c.Uu lar rnTOA 
I^tronnc DNA encoding a CAFD-9, CANMO, or CARD-1 1 profcm » "-by 
and/or genomics bv i^biling transcription and/or tninslanon. The 

"sue site. Alternatively, andsense nucleic acid molecules can be mo r fi ed to target 
aelectedcellsandftenadminiateredsystemically. For example, for system, 

receptors or antigens expressed on a selected cell surface, e.g., by g 
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i • rid molecules to peptides or antibodies which bind to cell surface receptors or 

acid motel to a-a»omeric nucleic acid molecule forms specific double-amnded 

al. (1987) Nucleic Acids Res. 15:6131-6148) or a cnimenc iu 
etal (1987) FEBS Lett 215:327-330). 

( ^eiovco.io.alsoenco.npassesHho^es. Whozyn-arecata.ybcWA 

Macules with ribonuclease activity which arc capable of M a smgle-stmnded 
molecules wkh n elementary reg.ua Tnus, 

15 mtcleic actd, such as an ^ «°"™ » Haselhoff and Gerlach (1988) 
ribozymes (eg., hammertead nbozymes (desenbed m us 
N ahrr.334:585-59 l »c a nl«> B od te c-yb^cl«™^^ 1 

CARD-10, or CARD- 11 -encoding mRNA. See, eg., u*n e caRD-10 
^^o^Amo.^^.g.-.B^^S^O^Saenc. 

"""The — alsr.encompassecnucleicacidmoleculeswmchfo^^ 

u r apt) Q CARD-10, or CARD-1 1 gene expression can be 
30 structures. For example, CARD-9, CARD iu, of 
inhibited by targeting nucleotide sequences complement^ to ttie regul ryj 
ft, CARD 9 CARD-10, or CARD-11 (e.g., the CARD-9, CARD-10, or CARD U 

Maher (1992) Bioassays 14(12):807-15. 
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to embody the nucleic acid motales of*. invention ca.bc modified a. 

bfdcbone of the nucleic acids can bo modiBed to generate pepbde nuctac «ds ft- 
< (ISSOBioo^niotModiotoalChamisbydd)^^). Asusedherem the 

and only the four naunal nucleobases are retained. The neutral backbone of PNAs has 
rllo™ .o snow for specific hybridization . DNA and RNA under oondmons o ow 
,0 Wo^Th.synu.eaisofPNAongom^oanb.p^^s.andan.sobd 

7l rvLfeet al (1996) Proo. Nad. Acad. Soi. USA 93:14670-675. 
POTy "^ofcX CAHMCorCAWM. can be user, for thempeudc and 
diagnostic applications. For example, PNAs can be used as antisense or antigene 

other enzymes,e.g., SI nucleaaea (Hynrp (1996) supra; or £££ 
20 sequence and hybridizaUon (Hyrup (1996) supra; Peny-OTCeefc =. al. (1996) Proo. Natt. 

-Hifiedee toenhancetheirstabiUtyorcellularuptake,byattachmgbpoph^ 

r^.™*— is* 

PNA-DNA chimeras of CAIO)-9,CAKU iu,orv.ruw 

J , rtn prt; M ofPNA and DNA. Such chimeras allow DNA 

combine-theadvantageous properties ol PJNA ana ui r>NA 

Z whileTpNA portion would provide high binding affinity and spec.fic.ty. 
30 pNaXnA ch^eras^an be linked using linkers °^ a ^ pr °^" ate ' en ^ S ^^^ "^p 6 ™ 18 

(19 96)supra). The synthesis of PNA-DNA chimeras can be ^ 7^-3357 63 For 

jTple, a DNA chain can be synthesized on a solid support using standard 
35 phosphoramidite coupling chemistry and modified nucleoside analogs e.g 
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between the PNA end the 5' end of DNA (Mag et al. (1989) Nucleic Aeid Res. 
,7-5973-88). PNAmonomers are .hen conpled to. stepwise manner to prod»« a 
himeric m tale with a 5' PNA segment and a 3' DNA segment (Finn .1 al. (1996) 
ZZZ**-*****™* A.tentative.y.ehimencmo^he 
5 seized with a 5' DNA segment and a 3' PNA segment (Peter- e. al. (1975, 
BiooreanicMed.Chem.Utt. 5:1119-11124). 

.^sport acn.se to cell membrane (see, eg, Utsinger =. al (1989) f~"*£^. 
,0 Sc.. USA 86:6553-6556; Lcmaihe .. al. (1987) Proc. Natl. Acad. So, USA £64g 652, 
PCT Publication No. WO 88/09810) or the blood-brain bamer (see, e g., PCT Publ.cat.on 
No WO 89/10134). In addition, oligonucleotides can be modified with 

6 958-976) or intercalating agents (se* ..g., Zon (1988) Pharm. Res. 5.539 549). 
15 end theotigonucleotidemaybeconjugatedto another molecule, e.g„ a pept.de, 

cleavage agent, etc. 

20 10, or CARD-I1 Antibodies. , ■ ,^rARD9 CARD-W.orCARD-11 

One aspect of the invention pertains to isolated CARD-9, CAKir to, 

suitable for use as immunogens to nusejfflti- CAR&9, CARD-10, or CARD-1 1 

h.one^^imen^hveCAR I ».9,CARD-.0,orCARD-.. ptotemscan 

sB ndard protein purineation techniques. In another embod.rn.nt, CARD-9, CARD 10, 
TSm. n pro eins are produced by recombinant DNA techniques. Alternative o 
or CARD uproreina p r-ann-io or CARD-11 proteinor polypeptide can 

recombinant expression, a CARD-9, CARD to, or r 

be synmesiaed chemically using standard peptide synthesis techniques. 

substantially free of cellular material or ottier oontaminating proteins tarn to o* or 
^sour^fromwhiohtoCARD-9,CARD-10.orCARD-.lp.o.em K denved,or 

Z^tially &ee from ehenrical precursors or other chemicaU when ehemioally 

35 „rCARD-9, CARD-10, or CARD-U protein in which to protem is separated from 
i^mponentsoftoceUsnomwUehitiaisolatedorreoombmantiypmdueeti. 
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Thus CARD-9, CARD-10, or CARD-11 protein that is substantially free of cellular 
material includes preparations of CARD-9, CARD-10, or CARD-1 1 protein having less 
than about 30%, 20%, 10%, or 5% (by dry weight) of non-CARD-9, CARD-10, or 
CARD-11 protein (also referred to herein as a "contaminating protein"). When the 

5 CARD-9 CARD-10, or CARD-U protein or biologically active portion thereof is 
recombin'antly produced, it is also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, 10%, or 5% of the volume of the protein 
preparation. When CARD-9, CARD-10, or CARD-1 1 protein is produced by chemical 
synthesis, it is preferably substantially free of chemical precursors or other chemicals, 

10 i e it is separated from chemical precursors or other chemicals which are involved in the 
syndesis of the protein. Accordingly such preparations of CARD-9, CARD-10, or 

CARD-1 1 protein have less than about 30%, 20%, 10%, 5% (by dry weight) of chemical 
precursors or non- CARD-9, CARD-10, or CARD-1 1 chemicals. 

Biologically active portions of a CARD-9, CARD-10, or CARD-11 protein 
15 include peptides comprising amino acid sequence, sufficiently identical to 

ftom the amino acid sequence of the CARD-9, CARD-10, or CARD-11 protein (•*, to 
amino acid sequence shown in SEQ TD NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID 
NCH1) which include less amino acids than the full length CARD-9, CARD-10, or 
CARD-11 protein, and exhibit at least one activity of a CARD-9, CARD-10, or CARD- 
20 llprotein. Typically, biologically active portions comprise a domain or motif withat 
least one activity of the CARD-9, CARD-10, or CARD-11 protein. A biologically active 
portion of a CARD-9, CARD-10, or CARD-1 1 protein can be a polypeptide which is for 
example, 10, 25 ; 50, 100, 150, 200, 250, 300 or more amino acids in length. Preferred 
biologically active polypeptides include one or more identified CARD-9, CARD-10, or 
25 CARD-U structural domains, e.g., the CARD domain, the coiled-coil domam, the PDZ 
domain, the SH3 domain, or the GUK domain. 

Moreover, other biologically active portions, in which other regions of the protein 
are deleted, can be prepared by recombinant techniques and evaluated for one or more of 
the functional activities of a native CARD-9, CARD-10, or CARD-1 1 protein. 
30 Rat CARD-9, human CARD-9, human CARD-10, and human CARD-11 protein 

have the amino acid sequences of SEQ ID NO:2, SEQ IDNO:5, SEQ ID NO:8, or SEQ 
IDNC-U OtherusemlCARD-9,CARD-10,orCARD-llproteinsaresub S tantially 
identical to SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or SEQ ID NO:l 1 and retain 
the functional activity of the protein of SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, or 
35 SEQ ID NO:l 1 , yet differ in amino acid sequence due to natural allelic variation or 
mutagenesis. 
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A useful CARD-9, CARD-10, or CARD-1 1 protein is a protein which includes an 
amino acid sequence at least about 45%, preferably 55%, 65%, 75%, 85%, 95*/, or 99% 

SEQ ID NO l 1, and retains the functional activity of the CARD-9, CARD-10, or CARD- 
5 11 pro teinofSEQIDNO:2,SEQIDNO:5,SEQrDNO:8,orSEQIDNO:ll. 

The determination of percent homology between two sequences can be 
accomplished using a mathematical algorithm. A preferred, non-limiting example of a 
mathematical algorithm utilized for the comparison of two sequences 1S the algonthm of 
Karlin and Altschul (1990) Proc. Nafl Acad. Sci. USA 87:2264-2268, modified as » 
lb KarlinandAltschul(1993)Proc.NatlAcad.Sci.USA90:5873-5877 »*-*^ 

is incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990) J. 
Mol Biol 215:403-410. BLAST nucleotide searches can be performed with the 

NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences similar 
or homologous to CARD-14 nucleic acid molecules of the invention. To obtam gapped 

! 5 alignments for comparison purposes, Gapped BLAST can be utilized as described in 
Altschul et al. (1997) Nucleic Acids Res. 25:3389-3402. When utilizing BLAST and 
Gapped BLAST programs, the default parameters of the respective programs (e g., 
XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. Another 
preferred, non-limiting example of a mathematical algorithm utilized for the comparison 

20 ofse q uencesistheal g orithmofMyersandMiller,CABIOS(1989). Such an algorithm 

WratedintotheALIGNp^^ 

alignment software package. When utilizing the ALIGN program for comparing ammo 
acid sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap 
penalty of 4 can be used. When utilizing the ALIGN program for comparing nucleic acid 
25 sequences, a gap length penalty of 12, and a gap penalty of4 can be used. 

Another preferred example of a mathematical algorithm utilized for the 
comparison of sequences is-theNeedleman and Wunsch (J. Mol. Biol. (19^) 48:444- 
453) algorithm which has been incorporated into the GAP program in the GCG software 
package (available at http://www.gcg.com),-using.either a Blossom 62 matrix or a 
30 PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 
3 4 5 or6 In yet another preferred embodiment, the percent identity between two 
nucleotide sequences is determined using the GAP program in the GCG software package 
(available at httn://ww. g c g .c 0 m) , using aNWSgapdna.CMP matrix and a gap weight of 
40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. 
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The percent M between two sequel can be determine, using techniques 
.taJE-i— *~ winner *-,**t^ 
iden^Wiculiyexacrrnateh^-ed chta eric or fi-sion 

5 proteins. Asusedhereu, CABD9 CAM q olypeptideoperatively 

,„ cABS-lOorCABD.ll.whereasa-non-CABD-S.CABD-lO.orCARD-U 

protein, e g.. . protein which ,s drfferen. ft- * * ° * ilbin fc (Won 
proteins and which is derived 60m the same or a tkffant oynsm 

• .1. um "nnerativelv linked" is inteoded to indicate that the CARD-** c-aku to, 
15 prote.n,thetenn °^' Ve ' y ™* , CAM> .,0,orCARD..l polypeptide are 

nrCARD-11 polypeptide and the non-CAKU wvi^ , 

One usefti. fusion protein is a GST Won protein in winch , ft. CMM. C«D 

20 W .<^n^-«^C— ."J ^'^Z-.tor 
« ™, nmteins can facilitate the purification of recombinant CARD-9, CAKD w, o 

^3 CABD-9, CARD-10. or CARD;., oan he increased through useof a 
m elittinandhumanplacentalalkaUnephosphatase(Stratagene,LaJoia 

rboZp-M^^^^'^^^'^ 

Piscataway, New Jersey). rARD-10 or 

- " -^t-an-other embodiment, the ^^» a ^'\^^ 10 or 
rARD ll-inununoglobulin^^ 0 ; or 
cZ-H " fences denved from a member of the .mmuno^n protem 



35 
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f W TheCARD-9CARD-10,orCARD-ll— ^ 

family. The CARD 9, u**u utical compos itions and administered to a 

invention can be incorporated «^«~« ^ „ CARIM , ligand and 
..subject to inhibit an interact™ between a CARD-9, CARD 10 
a cW9,CARD40,orCARD-llpiotemonthesur^ofacell,toth e re5y J* 

rAPHQ CARD-10 or CARD- 11 -mediated signal transducUon in vivo. The CARD 9, 
r^To ^STl— globuUnfusionproteinscanbeusedtoaffectthe 

bioavaxlabhtyofa CARD-9 CARD C ARD-10,orCARD-ll interaction 

cm „. used » —gens ^^^^ , Ugands ,nd in 
• .o^Tiby — ^binaa.DNA.cchniques. For example, DNA 

avoid undesirable joining, and enzymatic hgaUon. In another embodime ^ 

. ^ t u iu;i«, * Sons- 1992V Moreover, many expression vcww 
Ausiibelet al. eds., John Wiley & Sons. ivwj. * polypeptide). A 
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1- ..«*irt.WMC«W.WWl protein, Magonistof 

IcARD-S.CARD-.O.cCARD-n ^h— * 

subset ofthebiotogicalacUviaesoften^lyoccurnngfonnoftheC^ 

cX-.O. or CARD- 11 pro* An antagonist of*. CARD-9, CARD-10, or OHM1 
SrD-9 CARB-10..rCAW)-npro*by,for«»pK«^«v e lyb^to. 
doC tt tm or upstream member of a ceUuhn signaling cascade which tncludes the 

^Itavefewsid.effedamaaubi^re^v.u.^^fh.^.y 

occurring form of the CARD-9, CARD-10, or CARD-11 proteins. 
~ Varian.aofmeCARD.9.CARr>.0.orCARD... 

either CARD-9 CARD-10, orCARD-11 agonists (mimeucs) or as CARD-9 CARD 10, 
lX.g.,«™L i onmutan K of*eCARD-9,CARI>-.0,o I CARD-l.pro.e.nfor 
CA^-9 CARD-10, or CARD-11 protein agonist or antagonist activity. In one 
Ib^taen. a variegated library of CARD-9, CARD-10, or CARD-11 varum* ,s 

20 vlgatedlenehbra^. A varied Bbm^ of CARD-9, CARD-10 orCARD^U 
ZL can be produced by, fcr exanple, e^ymaricaRy ligating a 

cVlO M CARD-Jl^t^»^^ M ^^ POjyPePtt<lB : 0 ,„ 

* ^9 CAJlD.lO.orCARD.llsequencesuterein. Thereareavtutetyofme* ds 
l^tus^^pmducehh^esof^CARD-^CARD-lO orCARD-11 
^^ma^oUgonue^de^^a^of.*^ 

I. sequence can be performed in an automatic DNA synthesizer, and * 

39* Itakura e. al. (19g4) Annu. Rev. Biochent. 53:323; Itakura e« al. (1984) Science 
198:1056; Dee et al. (1983) Nucleic Acid Res. 1 1:477). 
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Useful fragments of CARD-9, CARD-10, or CARD-U, include fragmsnts 
comprising or consisting ofadomainorsubdomainde^ribedherem e^ eC^D 

to addition, liberies of fragments of the CARD-9, CARD- 0, or CARD-U 
protein coding sequence can be used to generate a variegated population of CARD-9 
SS-10 or cHlD.ll fragments for screening and subsequent selectton of valiants of 
a CARD-9, CARD-10. or CARD-11 protein. tooneembodtaenMlftr^ofcndrng 

, «-^*r* , ".*r*' , * a 

DNA ren aturingn,eDNAtofonndoublestrandedDNA»h.cbcan m clude 

rmre^rup.exesbytieannen.^S.nuc.e^.andUgatingu,.^ 
^enttibrarvinro an expression vector. By^mentcdanexpress^n ^can^ 
5 deTed wbichencodes N-tenninal and internal fragments of venous sizes of the CARD 
9,CARD-10,orCARD-llprotein. _ 

Severn! techniques am known in the art for screemng gene products of 
combin^ri-.ibmK.m^bypom.ouUtaorn^on.andfcsc^^ 

,0 iTscreenmg of me gene libraries genentied by the conibinatimal mutagenesis of 
^^D-lO^CARB-n proreins. 

Toning tire gene library intojephsb^iession vectors, fransfomung appmpnate cells 
resulting tibnuy of vecsom, and expressing Ore combinatonal genes under 

encodmBtheg.newhoseproductwaadetected.Re^ 

can be uaed in combination with me screening assays to identify C ARD-9 CARD 10, 

CARD-U varianfa(Arkin and Yourvan (1992) Pn>c. Natl j^ 8 ^ 
w 89-7gll-7815;Delgraveetal. (1993) Protein Engineering «3):327-3it). 

30 8 " 8U A r is „;a,edCARD.9,CARD.,0,orCARD-n ^°'>^^_ 
toot can be used . an imntunogen to generafe antibod.es that b,n CARD-9, CARD 
,0 „ r CARD- l lusmgs M ndan 1 .echni,uesforpo 1 yclonalandmonoc.onalan»body 

Uaradon. The full-length CARD-9, CARD-10, or CARD-1 1 \ 
35 allafivdy, the invention provides antigenic peptide ^ 

orCARD-11 foruse as immunogens. The antigenic peptide of CARD-9, CARD 10. or 
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* i ^ o f~~fArahiv 1 0 1 5 20 or 30) amino acid residues of the 
C ARD-1 1 compnses at least 8 (preferably iu, ui ->v } 

^ ac idsJenceshowni n SEQmNO:2,S E QmNO:5,SEQmNO:8,orSEQID 

antibody raised against the peptide forms a specific immune complex with CARD-9, 

5 CARD-10, or CARD-11. UJ . , 

Useful antibodies include antibodies which bind to a domam or subdomam of 
CARD-9, CARD-10, or CARD-1 1 described herein (e.g., a CARD domain, a coded-cod 
domain, a PDZ domain, an SH3 domain, or a GUK domain). 

Preferred epitopes encompassed by the antigenic peptide are regions of CARD-9, 
10 CARD-10 orCARD-llthatarelocatedonmesurfac e ofmeprotein > e.g.,hydrophi^ 
regions Other important criteria include a preference for a terminal sequence lugh 
anti g enicindex(e. g .,as P r e dictedby Jameson-Wolf 

(e.g! avoidance of prolines); and high surface probability (e.g., as predicted by the Emuu 

algorithm; Figures 3, 7, 12, and 16). 
,S A CARD-9 CARD-lCorCARD-llimmunogentypicallyisusedtoprepare 

antibodies by immunizing a suitable subject, (e.g., rabbit, goat, mouse or other ^ 
with the immunogen. An appropriate in^unogemcpreparauonc^ 
recombinantly expressed CARD-9, CARD-10, or CARD-H protein or a chemically 
synthesized CARD-9, CARD-10, or CARD-1 1 polypeptide. The preparation can further 
20 includeanadjuvant,suchasFreundscompleteorincompleteadjuvant orsinular 
inununostimulatory agent. Immunization of a suitable subject with an ™ogemc 
CARD-9, CARD-10, or CARD-1 1 preparation induces a polyclonal anti-CARD-9, 

CARD-10, or CARD- 11 antibody response. r ARD-1 0 

Accordingly, another aspect of the invention pertams to anti-CARD-9, CARD 10, 
25 or CARD-U antibodies. The term "antibody" as used herein refers to immunoglobulin 
molecules and immunologically active portions of immunoglobulin molecules, i.e., 
melecule*that^ 

as CARD-9, CARD-10, or CARD-1 1. A molecule which specifically binds to CARD-9, 
CARD-10 or CARD-11 is a molecule which binds CARD-9, CARD-10, orCARD-11, 

30 but does not substantially bind other molecules in a sample, e.g., a biological sample, 
whichnatumlly contains CARD-9, CARD-10, or CARD-11 '^fT^ 
immunologically active portions of immunoglobulin molecules include F(ab) and F(ab )2 
fragments which can be generated by treating the antibody with an enzyme such as 
pepsin. The invention provides polyclonal and monoclonal antibodies that buid CARD- 

,5 9 CARD-10 orCARD-11. The term "monoclonal antibody" or "monoclonal antibody 
composition^, as used herein, refers to a population of antibody molecules that contain 
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only one species of an antigen binding site capable of immunoreacting w.th a particular 
epitope of CARD-9, CARD-10, or CARD-1 1: A monoclonal antibody composition thus 
typically displays a single binding affinity for a particular CARD-9, CARD-10, or 
CARD-1 1 protein with which it immunoreacts. 

Polyclonal ann-CARD-9, CARD-10, or CARD-1 1 antibodies can be prepared as 
described above by immunizing a suitable subject with a CARD-9, CARD-10, or CARD- 
11 immunogen. The anti-CARD-9, CARD-10, or CARD-1 1 antibody titer m the 
inununized subject can be monitored over time by standard techniques, such as ; witti an 
enzyme linked immunosorbent assay (ELISA) using immobilized CARD-9, CARD-10, 
or CARD-1 1 If desired, the antibody molecules directed against CARD-9, CARD-10, or 
CARD-1 1 can be isolated from the mammal (e.g., from the blood) and further purified by 
well-known techniques, such as protein A chromatography to obtain the IgG fraction. At 
an appropriate time after immunization, e.g., when the anti-CARD-9, CARD-10 or 
CARD-1 1 antibody titers are highest, antibody-producing cells can be obtained from the 
subject and used to prepare monoclonal antibodies by standard techniques, such as the 
hybridoma technique originally described by Kohler and Milstein (1975) Nature 
256 495-497, the human B cell hybridoma technique (Kozbor et al. (1983) Immunol 
Today 4-72), the EBV-hybridoma technique (Cole et al. (1985), Monoclonal Antibodies 
and Cancer Therapy, Alan R Uss, Inc., pp. 77-96) or trioma techniques. The technology 
for producing various antibodies monoclonal antibody hybridomas is well known (see 
generally Current Protocols in Immunology (1994) Coligan et al. (eds.) John Wi ey & 
Sons, Inc., New York, NY). Briefly, an immortal cell line (typically a myC ^ m ^' ^ 
to lymphocytes (typically splenocytes) from a mammal immunized with a CARD-9 
CARD-10 or CARD-1 1 immunogen as described above, and the culture supematants of 
the resulting hybridoma cells are screened to identify a hybridoma producing a 
monoclonal antibody that binds CARD-9, CARD-10, or CARD-1 1 . 

. Any of-the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-CARD-9, 
CARD-10 or CARD-11 monoclonal antibody (see, e.g., Current Protocols in 
Immunolo'gy, supra; Galfre et al. (l977)Nature 266:55052; RH. Kenneth, in Monoclonal 
Antibodies: A New Dimension In Biological Analyses, Plenum Publishing Corp., New 
York, New York (1980); and Lerner (1981) Yale J. Biol. Med., 54:387-402). ^ Moreover, 
the ordinarily skilled worker will appreciate that there are many variations of such 
methods which also would be useful. Typically, the immortal cell line (e.g., a myeloma 
cell line) is derived from the same mammalian species as the lymphocytes. For example, 
murine hybridomas can be made by fusing lymphocytes from a mouse immunized with 
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Uneeg .myeloma cell line that is sensitive to culture memum conhnnmg 

and thymidine ("HAT medium"). Any of e number of 

Zp3"sm-Ag4- 1 ,P3-x 63 .Ag8.653orSp2/O.Ag.4my«lomuune S . These myeloma 
IT- vailabmnomATCC. Typically, HAT-sensitive mouse myeloma celhsse 
ZimlusesplenooytesusingpolyemyleneglycoirPEO"). Hybndomacells 

SrsioL men selected using HAT meuium, ^ch .alls unfused and 

> Z^enoiaLformed). Hybridoma ceUs producing a monoolo*. 
LLionarederecredbyscrecnmgmehybndomacmmres^^ 

to. bind CARD-9, CARD-10. or CAED-1 1, e.g., uamg a sandrnd 

Alremadve .o preparing monoclonal antibody-secmung hybndoma , a 
n*mcclon*anu^9,CARM0,orCA^ 
5 ^edbyacseenmga^mbm— n« 
antibody phage display library) wrthCARD-S, CARD ltv or 

r OT fag and screening phage display libraries am commercially avadab e (e.g me 

,„ S ^.SurfZAPP ta ge D Upl>yKn,CaUlogNo.240612,. Adddronally, examp£ of 
" ir.sndreagen^cmarlyamenah.eforu^gen^, 

No.W092/186l9;PCTPublicationNo.W091/17271 t-ciru 
92/20791- PCT Publication No. WO 92/15679; PCT Publication No. WO 93/01288, PCT 
1 1 I n WO 92/01047- PCT Publication No. WO 92/09690; PCT PubUcation No. 
25 Publication No. WO 92/0104/, ruir Havetal (1992) Hum. 

(1993) EMBO J. 12:725-734 or 
Additionally, recombinant anb-CARD-y, caku 

,0 such as chimeric and humanized monoclonal anlibodie. comprising 

aon-human portions, which can be made using shmdard recomburan DNA J^^- 
Z within .he scope of me invention. Such chimeric and humanrzed monoclone 
Zi^c^bepmducedbymcombinnn.DNA lechniques known ,n «. for 
IS lgmeLdsdescrihedi„P CT P»hhendonNo.WO87/02671;Eu ro pean 

35 Tal AP hlion UW Bumpean Pare* App.ica.ion .71.496; B^«- 
^^. 1 7 3 .494.PCTP*lioadonNo.WOg«0153 3 ;U.S.Pa.«n, N o.4.8.6.567. 
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European Patent Application 125,023; Better et al. (1988) Science 240:1041-1043; Liu et 
al (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al. (1987) J. Immunol. 
1393521-3526;Sunetal.(1987)Proc.Natl.Acad.Sci.USA 84:214-218; Nishimuraet 
al (1987) Cane. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et 
5 al (1988 J. Natl. Cancer Inst. 80:1553-1559); Morrison, (1985) Science 229:1202-1207; 
Oie^ 

321 .552-525; Verhoeyan et al. (1988) Science 239:1534; and Beidler et al. (1988) J. 
Immunol. 141:4053-4060. 

An anti-CARD-9, CARD-10, or CARD-1 1 antibody (e.g., monoclonal antibody) 
10 can be used to isolate CARD-9, CARD-10, or CARD-11 by standard techniques, such as 
affinity chromatography or immunoprecipitation. An anti-CARD-9, CARD-10 or 
CARD-1 1 antibody can facilitate the purification of natural CARD-9, CARD-10, or 
CARD-1 1 from cells and of recombinant^ produced CARD-9, CARD-10, or CARD-1 1 
expressed in host cell, Moreover, an anti-CARD-9, CARD-10, or CARD-1 1 antibody 
15 can be used to detect CARD-9, CARD-10, or CARD-11 protein (e.g., in a cellular lysate 
or cell supernatant) in order to evaluate the abundance and pattern of expression .of the 
CARD-9 CARD-10, or CARD-11 protein. Anti-CARD-9, CARD-10, or CARD-11 
antibodies can be used diagnosticaUy to monitor protein levels in tissue as part of a 
clinical testing procedure, e.g., to, for example, determine the efficacy of. given 
20 treatment regimen. Detection can be facilitated by coupling the antibody to a detectable 
substance. Examples of detectable substances include various enzymes, prosthetic 
groups fluorescent materials, luminescent materials, bioluminescent materials, and 
radioactive materials. Examples of suitable enzymes include horseradish peroxidase, 
"alkaline phosphatase, B-galactosidase, or acetylchohnesterase; examples of suitable 
25 prosthetic group complexes include streptavidhVbiotin and avidin/biotin; examples of 
suitable fluorescent materials include umbelliferone, fluorescein, fluorescein 

i S otmocyanate,rhod^^ . 
phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of 
30 suitable radioactive material include 125 I, n V S S or 3 H. 

Further, an antibody (or fragment thereof) may be conjugated to a therapeutic 
moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin c 
cytotoxic agent includes any agent that is detrimental to cell, Examples include taxol, 
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 
35 tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunonib.cin, dihydroxy 
anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, 
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glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs 
or homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites 
(e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil 
decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, 

5 carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, 

dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) 
(DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and 
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 
mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and 

10 vinblastine). 

The conjugates of the invention can be used for modifying a given biological 
response. The drug moiety is not to be construed as limited to classical chemical 
therapeutic agents. For example, the drug moiety may be a protein or polypeptide 
possessing a desired biological activity. Such proteins may include, for example, a toxin 

15 such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as 
tumor necrosis factor, a-interferon, p-interferon, nerve growth factor, platelet derived 
growth factor, tissue plasminogen activator; or, biological response modifiers such as, for 
example, lymphokines, interleukin-1 0L-1), interleukin-2 (IL-2), interleukin-6 (IL-6), 
granulocyte macrophase colony stimulating factor (GM-CSF), granulocyte colony 

20 stimulating factor (G-CSF), or other growth factors. 

Techniques for conjugating such therapeutic moiety to antibodies are well known, 
see, e.g., Arnon et al., "Monoclonal Antibodies for Immunotargeting of Drugs in Cancer 
Therapy", in Monoclonal Antibodies and Cancer Therapy, Reisfeld et al. (eds.), pp. 243- 
56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies for Drug Delivery", in 

25 Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, 
Inc. 1987); Thorpe, "Antibody Carriers of Cytotoxic Agents in Cancer Therapy: A 
Review", in Monoclonal Antibodies '84: Biological and Clinical Applications, Pinchera 
et al. (eds.), pp. 475-506 (1985); "Analysis, Results, and Future Prospective of The 
Therapeutic Use of Radiolabeled Antibody In Cancer Therapy", in Monoclonal 
30 Antibodies for Cancer Detection and Therapy, Baldwin et al. (eds.), pp. 303-16 

(Academic Press 1985), and Thorpe et al., "The Preparation and Cytotoxic Properties of 
Antibody-Toxin Conjugates", Immunol. Rev., 62:1 19-58 (1982). Alternatively, an 
antibody can be conjugated to a second antibody to form an antibody heteroconjugate as 
described by Segal in U.S. Patent No. 4,676,980. 
35 In addition, antibodies of the invention, either conjugated or not conjugated to a 

therapeutic moiety, can be administered together or in combination with a therapeutic 
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moiety such as a cytotoxic a therapeutic agent or a radioactive metal ion. The order of 
administration of the antibody and therapeutic moiety can vary. For example, m some 
embodiments, the antibody is administered concurrently (through the same or differ 
delivery devices, e.g., syringes) with the therapeutic moiety. Altemahvely, me anybody 
can be administered separately and prior to the therapeutic moiety. Still alternately, the 
therapeutic moiety is administered separately and prior to the antibody. In many 
embodiments, these administration regimens will be continued for days, months or years. 
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III. Computer Readable Means 

The nucleotide or amino acid sequences of the invention are also provided in a 
variety of mediums to facilitate use thereof. As used herein, "provided" refers to a 
manufacture, other than an isolated nucleic acid or amino acid molecule, wluch contains 
anucleotideoraminoacidsequenceofthepresentinvention. Such a manufacture 
provides the nucleotide or amino acid sequences, or a subset thereof (e.g., a subset of 
open reading frames (ORFs)) in a form which allows a skilled artisan to examine the 
manufacture using means not directly applicable to examining the nucleotide or amino 
acid sequences, or a subset thereof, as they exist in nature or in purified form. 

In one application of this embodiment, a nucleotide or amino acid sequence of the 
present invention can be recorded on computer readable media. As used herem 
"computer readable media" refers to any medium that can be read and accessed drrectly 
by a computer. Such media include, but are not limited to: magnetic storage media, such 
as floppy discs, hard disc storage medium, and magnetic tape; optical storage media such 
as CD-ROM; electrical storage media such as RAM and ROM; and hybrids of these 
categories such as magnetic/optical storage media. This skilled artisan will readily 
appreciate how any of the presently known computer readable mediums can be used to 
create a manufacture comprising computer readable medium having recorded thereon a 
nucleotide or amino acid sequence of the present invention. 

As used herein, "recorded" refers to a process for storing information on 
computer-readable meuium. The skilled-artisan can readily adopt any of the presently 
known methods for recording information on computer readable medium to generate 
manufactures comprising the nucleotide or amino acid sequence information of the 
present invention. 

A variety of data storage structures are available to a skilled artisan for creatmg a 
computer readable medium having recorded thereon a nucleotide or amino acid sequence 
of the present invention. The choice of the data storage structure will generally be based 
on the means chosen to access the stored information. In addition, a variety of data 
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processor programs and formats can be used to store the nucleotide sequence information 
of the present invention on computer readable medium. The sequence information can be 
represented in a work processing test file, formatted in commercially-available software 
such as WordPerfect and Microsoft Word, or represented in the form of an ASCII file, 
5 stored in a database application, such as DB2, Sybase, Oracle, or the like. The skilled 
artisan can readily adapt any number of data processor structuring formats (e.g., text file 
or database) in order to obtain computer readable medium having recorded thereon the 
nucleotide sequence information of the present invention. 

By providing the nucleotide or amino acid sequences of the invention in computer 
10 readable form, the skilled artisan can routinely access the sequence information for a 
variety of purposes. For example, one skilled in the art can use the nucleotide or ammo 
acid sequences of the invention in computer readable form to compare a target sequence 
or a target structural motif with the sequence information stored within the data storage 
means. Search means are used to identify fragments or regions of the sequences of the 
1 5 invention which match a particular target sequence or target motif. 

As used herein, a "target sequence" can be any DNA or amino acid sequence of 
six or more nucleotides or two or more amino acids. A skilled artisan can readily 
recognize that the longer a target sequence is, the less likely a target sequence will be 
present as a random occurrence in the database. The most preferred sequence length of a 
20 target sequence is from about 10 to 100 amino acids or from about 30 to 300 nucleotide 
residues. However, it is well recognized that commercially important fragments, such as 
sequence fragments involved in gene expression and protein processing, may be of 
shorter length. 

As used herein, "a target structural motif," or "target motif," refers to any 
25 rationally selected sequence or combination of sequences in which the sequences) are 
chosen based on a three-dimensional configuration which is formed upon the folding of 
the target motif. There are a variety of target motifs know in the art. Protein target 
motifs include, but are not limited to, enzyme active sites and signal sequences. Nucleic 
acid-target motifs include, but are not limited to, promoter sequences, hairpin structures 
30 and inducible expression elements (protein binding sequences). 

Computer software is publicly available which allows a skilled artisan to access 
sequence information provided in a computer readable medium for analysis and 
comparison to other sequences. A variety of know algorithms are disclosed publicly and 
" a variety of commercially available software for conducting search means are and can be 
35 used in the computer-based systems of the present invention. Examples of such software 
includes, but is not limited to, MacPattem (EMBL), BLASTTN and BLASTX (NCBIA). 
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MM Biol 215-403-410) and BLAZE (Bru.lag at d. (1993) Comp. Chem. 17:203-207) 
! f .w on a Sybase system can be used to identify opot reading frames 

^commercially important pnMems such as enzymes used in vanous reacuona 
and in the production of commercially uacfid metabohtea. 

IV Recombinant Expression Vectors and Host Cells 

containing a nude o acid wooding CARD-9, CABJM0, or CABD-U (or . portton 
toeoO As used herein, me term "vector- refers to a nucleic acid molecule capable of 

^Ig anothet nucleic arid to wbicb it has boon link*. One typ. of Vector ,s a 
!^ d ^„ M chref=mt„.c ta la ^ doub.ea m ndedD N A 1 oop,n,owh■cbadd,nona 1 

„ DNAsegmentscanbeligated. Anomer W eofvec«orisaviralv^ = 
additional DNA segments can be ligated into the viral genome. Certam vecto* are 

^a J vecmmlmvmgabac B nmoriginof K pUcanonandep B onrn.mammj. a n 
* HZ of .host cell upon introduction into me host cell, and thereby are rephcated 

exoression vectors of utility in recombinant DNA tecnniques «tr 
25 expression vectora, such as vital vectors (eg., replication defective mttovrmses, 

Ore invention in a form suhable fo, expression of me nucleic acrd m a host cell, whrch 
30 seleeted on me basis of me host ceUa ro be used for expresston, wmch ts operative* 

Lr, "opembly linked" is intended to mean that me nucleotide s«,ue„ee of mures, ,s 
titm to L regulator se,«ence(s) in a manner which allows for express™ of the 

35 irmevlrisintioducedintomehostoell). The term W = » 
intended to include promote, enhancers and other express™ control elements (e.g. 
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polyadenylation signals). Such regulatory sequences are described, for example, in 
Goeddel; Gene Expression Technology: Methods in Enzymology 185, Academic Press, 
-San Diego, CA (1990). Regulatory sequences include those which direct constitutive 
expression of a nucleotide sequence in many types of host cell and those which direct 
5 expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific 
regulatory sequences). It will be appreciated by those skilled in the art that the design of 
the expression vector can depend on such factors as the choice of the host cell to be 
transformed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, 
10 including fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., 
CARD-9, CARD-10, or CARD- 1 1 proteins, mutant forms of CARD-9, CARD-10, or 
CARD-11, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for 
expression of CARD-9, CARD-10, or CARD-1 1 in prokaryotic or eukaryotic cells, e.g., 
15 bacterial cells such as E. coli, insect cells (using baculovirus expression vectors) yeast 
cells or mammalian cells. Suitable host cells are discussed further in Goeddel, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, CA 
(1990). Alternatively, the recombinant expression vector can be transcribed and 
translated in vitro, for example using T7 promoter regulatory sequences and T7 
20 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein 
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 
25 vectors typically serve three purposes: I) to increase expression of recombinant protein; 
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification of 
-the recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 
moiety and the recombinant protein to enable separation of the recombinant protein from 

30 the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and 
their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith and 
Johnson (1988) Gene 67:3 1-40), pMAL (New England Biolabs, Beverly, MA) and pRIT5 
(Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), maltose E 

35 binding protein, or protein A, respectively, to the target recombinant protein. 
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Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
(Amann et al. (1988) Gene 69:301-315) and pET 1 Id (Studier et al. Gene Expression 
.Technology: Methods in Enzymology.185, Academic Press, San Diego, California 
(1990) 60-89). Target gene expression from the pTrc vector relies on host RNA 
5 polymerase transcription from a hybrid trp-lac fusion promoter. Target gene expression 
from the pET 1 Id vector relies on transcription from a T7 gnlO-lac fusion promoter 
mediated by a coexpressed viral RNA polymerase (T7 gnl). This viral polymerase is 
supplied by host strains BL21(DE3) or HMS174(DE3) from a resident e prophage 
harboring a T7 gnl gene under the transcriptional control of the lacUV5 promoter. 
10 One strategy to maximize recombinant protein expression in E. coli is to express 

the protein in a bacterial having an impaired capacity to proteolytically cleave the 
recombinant protein (Gottesman, Gene Expression Technology: Methods in Enzymology 
185, Academic Press, San Diego, California (1990) 119-128). Another strategy is to alter 
the nucleic acid sequence of the nucleic acid to be inserted into an expression vector so 
15 that the individual codons for each amino acid are those preferentially utilized in E. coli 
(Wada et al. (1992) Nucleic Acids Res. 20:21 11-2118). Such alteration of nucleic acid 
sequences of the invention can be carried out by standard DNA synthesis techniques. 

In another embodiment, the CARD-9, CARD-10, or CARD-1 1 expression vector 
is a yeast expression vector. Examples of vectors for expression in yeast S. cerivisae 
20 include pYepSecl (Baldari et al. (1987) EMBO J. 6:229-234), pMFa (Kurjan and 

Herskowitz, (1982) Cell 30:933-943), pJRY88 (Schultz et al. (1987) Gene 54:113-123), 
pYES2 (Invitrogen Corporation, San Diego, CA), pGBT9 (Clontech, Palo Alto, CA), 
_pGAD10 (Clontech, Palo Alto, CA), pYADE4 and pYGAE2 and pYPGE2 (Brunelli and 
Pall (1993) Yeast 9:1299-1308), pYPGE15 (Brunelli and Pall (1993) Yeast 
25 9:1309-1318), pACTH (Dr. S.E. Elledge, Baylor College of Medicine), and picZ 
(InVitrogen Corp, San Diego, CA). 

Alternatively T GARD-9, CARD-10, or CARD-1 1 can be expressed in insect cells 
using baculovirus expression vectors. Baculovirus vectors available for expression of 
proteins in cultured insect cells (e.g., Sf-9 cells) include the pAc series (Smith et al. 
30 (1983) Mol. Cell Biol. 3:2156-2165) and the pVL series (Lucklow and Summers (1989) 

Virology 170:31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed (1987) Nature 329:840), pCI (Promega), and 
35 pMT2PC (Kaufman et al. (1987) EMBO J. 6:187-195). When used in mammalian cells, 
the expression vector's control functions are often provided by viral regulatory elements. 
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For example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook et al. (supra). 

In another embodiment, the recombinant mammalian expression vector is capable 
5 of directing expression of the nucleic acid preferentially in a particular cell type (e.g., 
tissue-specific regulatory elements are used to express the nucleic acid). Tissue-specific 
regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al. 
(1987) Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
10 Adv. Immunol. 43:235-275), in particular promoters of T cell receptors (Winoto and 
Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33-729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 
(e.g., the neurofilament promoter, Byrne and Ruddle (1989) Proc. Natl. Acad. Sci. USA 
86:5473-5477), pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), 
15 and mammary gland-specific promoters (e.g., milk whey promoter, U.S. Patent No. 
4,873,3 16 and European Application Publication No. 264,166). 
Developmentally-regulated promoters are also encompassed, for example the murine hox 
promoters (Kessel and Gruss (1990) Science 249:374-379) and the a-fetoprotein 
promoter (Campes and Tilghman (1989) Genes Dev. 3:537-546). 
20 The invention further provides a recombinant expression vector comprising a 

DNA molecule of the invention cloned into the expression vector in an antisense 
orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in 
a^nanner which allows for expression (by transcription of the DNA molecule) of an RNA 
molecule which is antisense to CARD-9, CARD-10, or CARD-11 mRNA. Regulatory 
25 sequences operatively linked to a nucleic acid cloned in the antisense orientation can be 
chosen which direct the continuous expression of the antisense RNA molecule in a 
variety- ofcell types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen which direct constitutive, tissue specific or cell type specific 
expression ofantisense RNA. The antisense expression vector can be in the form of a 
30 recombinant plasmid, phagemid or attenuated virus in which antisense nucleic acids are 
produced under the control of a high efficiency regulatory region, the activity of which 
can be determined by the cell type into which the vector is introduced. For a discussion 
of the regulation of gene expression using antisense genes see Weintraub et al. (Reviews 
- Trends in Genetics, Vol. 1(1) 1986). 
35 Another aspect of the invention pertains to host cells into which a recombinant 

expression vector of the invention or isolated nucleic acid molecule of the invention has 
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been introduced. The terms "host cell" and "recombinant host cell" are used 
interchangeably herein. It is understood that such terms refer not only to the particular 
subject cell but to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or 

5 environmental influences, such progeny may not, in fact, be identical to the parent cell, 
but are still included within the scope of the term as used herein. 

A host cell can be any prokaryotic or eukaryotic cell. For example, CARD-9, 
CARD-10, or CARD-1 1 protein can be expressed in bacterial cells such as E. coli, insect 
cells, yeast or mammalian cells (such as Chinese hamster ovary cells (CHO) or COS 

10 cells). Other suitable host cells are known to those skilled in the art. 

Vector DNA or an isolated nucleic acid molecule of the invention can be 
introduced into prokaryotic or eukaryotic cells via conventional transformation or 
transfection techniques. As used herein, the terms "transformation" and "transfection" 
are intended to refer to a variety of art-recognized techniques for introducing foreign 

1 5 nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium chloride 
co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et 
al. (supra), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 

20 expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In some cases vector DNA is retained by 
the host cell. In other cases the host cell does not retain vector DNA and retains only an 
isolated nucleic acid molecule of the invention carried by the vector. In some cases, and 
isolated nucleic acid molecule of the invention is used to transform a cell without the use 

25 pf a vector. 

In order to identify and select these integrants, a gene that encodes a selectable 
marker (e.g., resistance to antibiotics) is generally introduced into the host cells along 
with the gene of interest. Preferred selectable markers include those which confer 
resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding 
30 a selectable marker can be introduced into a host cell on the same vector as that encoding 
CARD-9, CARD-10, or CARD-1 1 or can be introduced on a separate vector. Cells 
stably transfected with the introduced nucleic acid can be identified by drug selection 
(e.g., cells that have incorporated the selectable marker gene will survive, while the other 
cells die). 

35 A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 

culture, can be used to produce (i.e., express) a CARD-9, CARD-10, or CARD-1 1 
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protein. Accordingly, the invention further provides methods for producing CARD-9, 
CARD-10, or CARD-1 1 protein using the host cells of the invention. In one 
embodiment, the method comprises culturing the host cell of the invention (into which a 
recombinant expression vector or isolated nucleic acid molecule encoding CARD-9, 

5 CARD-10, or CARD-1 1 has been introduced) in a suitable medium such that CARD-9, 
CARD-1 0, or CARD-1 1 protein is produced. In another embodiment, the method further 
comprises isolating CARD-9, CARD-10, or CARD-1 1 from the medium or the host cell. 

The host cells of the invention can also be used to produce nonhuman transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized 

10 oocyte or an embryonic stem cell into which CARD-9, CARD-10, or CARD-1 1 -coding 
sequences have been introduced. Such host cells can then be used to create non-human 
transgenic animals in which exogenous CARD-9, CARD-10, or CARD-1 1 sequences 
have been introduced into their genome or homologous recombinant animals in which 
endogenous CARD-9, CARD-10, or CARD-1 1 sequences have been altered Such 

15 animals are useful for studying the function and/or activity of CARD-9, CARD-10, or 
CARD-1 1 and for identifying and/or evaluating modulators of CARD-9, CARD-10, or 
CARD-1 1 activity. As used herein, a "transgenic animal" is a non-human animal, 
preferably a mammal, more preferably a rodent such as a rat or mouse, in which one or 
more of the cells of the animal includes a transgene. Other examples of transgenic 

20 animals include non-human primates, sheep, dogs, cows, goats, chickens, amphibians, 
etc. A transgene is exogenous DNA which is integrated into the genome of a cell from 
which a transgenic animal develops and which remains in the genome of the mature 
animal, thereby directing the expression of an encoded gene product in one or more cell 
types or tissues of the transgenic animal. As used herein, an "homologous recombinant 

25 animal" is a non-human animal, preferably a mammal, more preferably a mouse, in 
which an endogenous CARD-9, CARD-10, or CARD-1 1 gene has been altered by 
homologous recombination between the endogenous gene and an exogenous DNA 
molecule introduced into a cell of the animal, e.g., an embryonic cell of the animal, prior 
to development of the animal. 

30 A transgenic animal of the invention can be created by introducing CARD-9, 

CARD-10, or CARD-1 1 -encoding nucleic acid into the male pronuclei of a fertilized 
oocyte, e.g., by microinjection, retroviral infection, and allowing the oocyte to develop in 
a pseudopregnant female foster animal. The CARD-9, CARD-10, or CARD-1 1 cDNA 
sequence, e.g., that of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ 

35 ID NO:7, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:12, the cDNA of ATCC , the 

cDNA of ATCC , the cDNA of ATCC , or the cDNA of ATCC can be 
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introduced as a transgene into the genome of a non-human animal. Alternatively, a 
nonhuman homolog or ortholog of the human CARD-9, CARD- 10, or CARD-1 1 gene, 
such as a mouse CARD-9,. CARD-10, or CARD-1 1 gene, can be isolated based on 
hybridization to the human CARD-9, CARD- 10, or CARD-1 1 cDNA and used as a 
5 transgene. Intronic sequences and polyadenylation signals can also be included in the 
transgene to increase the efficiency of expression of the transgene. A tissue-specific 
regulatory sequence(s) can be operably linked to the CARD-9, CARD- 10, or CARD-1 1 
transgene to direct expression of CARD-9, CARD-10, or CARD-1 1 protein to particular 
cells. Methods for generating transgenic animals via embryo manipulation and 

10 microinjection, particularly animals such as mice, have become conventional in the art 
and are described, for example, in U.S. Patent Nos. 4,736,866 and 4,870,009, U.S. Patent 
No. 4,873,191 and in Hogan, Manipulating the Mouse Embryo, (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar methods are used for 
production of other transgenic animals. A transgenic founder animal can be identified 

15 based upon the presence of the CARD-9, CARD-10, or CARD-1 1 transgene in its 

genome and/or expression of CARD-9, CARD-10, or CARD-1 1 mRNA in tissues or cells 
of the animals. A transgenic founder animal can then be used to breed additional animals 
carrying the transgene. Moreover, transgenic animals carrying a transgene encoding 
CARD-9, CARD-1 0, or CARD-1 1 can further be bred to other transgenic animals 

20 carrying other transgenes. 

To create an homologous recombinant animal, a vector is prepared which contains 
at least a portion of a CARD-9, CARD-10, or CARD-1 1 gene (e.g., a human or a 
non-human homolog of the CARD-9, CARD-10, or CARD-1 1 gene, e.g., a murine 
CARD-9, CARD-10, or CARD-1 1 gene) into which a deletion, addition or substitution 

25 has been introduced to thereby alter, e.g., functionally disrupt, the CARD-9, CARD-1 0, 
or CARD-1 1 gene. In an embodiment, the vector is designed such that, upon 
homologous recombination, the endogenous CARD-9, CARD-10, or CARD-1 1 gene is 
functionally disrupted (i.e., no longer encodes a functional protein; also referred to as a 
"knock out" vector). Alternatively, the vector can be designed such that, upon 

30 homologous recombination, the endogenous CARD-9, CARD- 1 0, or CARD-1 1 gene is 
mutated or otherwise altered but still encodes functional protein (e.g., the upstream 
regulatory region can be altered to thereby alter the expression of the endogenous CARD- 
9, CARD-10, or CARD-1 1 protein). In the homologous recombination vector, the altered 
portion of the CARD-9, CARD-10, or CARD-1 1 gene is flanked at its 5' and 3* ends by 

35 additional nucleic acid of the CARD-9, CARD-10, or CARD-1 1 gene to allow for 
homologous recombination to occur between the exogenous CARD-9, CARD-10, or 
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CARD-1 1 gene carried by the vector and an endogenous CARD-9, CARD- 10, or CARD- 
1 1 gene in an embryonic stem cell. The additional flanking CARD-9, CARD- 10, or 
CARD-1 1 nucleic acid is of sufficient length for successful homologous recombination 
with the endogenous gene. Typically, several kilobases of flanking DNA (both at the 5" 
5 and 3 1 ends) are included in the vector (see, e.g., Thomas and Capecchi (1987) Cell 

51:503 for a description of homologous recombination vectors). The vector is introduced 
into an embryonic stem cell line (e.g., by electroporation) and cells in which the 
introduced CARD-9, CARD- 10, or CARD-1 1 gene has homologously recombined with 
the endogenous CARD-9, CARD-10, or CARD-1 1 gene are selected (see, e.g., Li et al. 

10 (1 992) Cell 69:91 5). The selected cells are then injected into a blastocyst of an animal 
(e.g., a mouse) to form aggregation chimeras (see, e.g., Bradley in Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, Robertson, e<L (IRL, Oxford, 1987) pp. 
1 13-1 52). A chimeric embryo can then be implanted into a suitable pseudopregnant 
female foster animal and the embryo brought to term. Progeny harboring the 

15 homologously recombined DNA in their germ cells can be used to breed animals in 
which all cells of the animal contain the homologously recombined DNA by germline 
transmission of the transgene. Methods for constructing homologous recombination 
vectors and homologous recombinant animals are described further in Bradley (1991) 
Current Opinion in Bio/Technology 2:823-829 and in PCT Publication Nos. WO 

20 90/1 1354, WO 91/01 140, WO 92/0968, and WO 93/04169. 

In another embodiment, transgenic non-humans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PI. For a 
description of the cre/loxP recombinase system, see, e;g., Lakso et al. (1992) Proc. Natl. 

25 Acad. Sci. USA 89:6232-6236. Another example of a recombinase system is the FLP 
recombinase system of Saccharomyces cerevisiae (O'Gorman et al. (1991) Science 
251:1351-1355. If a cre/loxP recombinase system is used to regulate expression of the 
transgene, animals containing transgenes encoding both the Cre recombinase and a 
selected protein are required. Such animals can be provided through the construction of 

30 "double" transgenic animals, e.g., by mating two transgenic animals, one containing a 
transgene encoding a selected protein and the other containing a transgene encoding a 
recombinase. 

Clones of the non-human transgenic animals described herein can also be 
produced according to the methods described in Wilmut et al. (1997) Nature 385:810-813 
35 and PCT Publication Nos. WO 97/07668 and WO 97/07669. In brief, a cell, e.g., a 
somatic cell, from the transgenic animal can be isolated and induced to exit the growth 
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cycle and enter Go phase. The quiescent cell can thai be fused, e.g., through the use of 
electrical pulses, to an enucleated oocyte from an animal of the same species from which 
the quiescent cell is isolated. The reconstructed oocyte is then cultured such that it 
develops to morula or blastocyte and then transferred to pseudopregnant female foster 

5 animal. The offspring borne of this female foster animal will be a clone of the animal 
from which the cell, e.g., the somatic cell, is isolated. 

In another embodiment, the expression characteristics of an endogenous CARD-9, 
CARD-10, or CARD-1 1 gene within a cell line or microorganism may be modified by 
inserting a heterologous DNA regulatory element into the genome of a stable cell line or 

10 cloned microorganism such that the inserted regulatory element is operatively linked with 
the endogenous CARD-9, CARD-10, or CARD-1 1 gene. For example, an endogenous 
CARD-9, CARD-10, or CARD-1 1 which is normally 'transcriptionally silent," i.e. a 
CARD-9, CARD-10, or CARD-1 1 gene which is normally not expressed, or is expressed 
only at very low levels in a cell line or microorganism, may be activated by inserting a 

1 5 regulatory element which is capable of promoting the expression of a normally expressed 
gene product in that cell line or microorganism. Alternatively, a transcriptionally silent, 
endogenous CARD-9, CARD-10, or CARD-1 1 gene may be activated by insertion of a 
promiscuous regulatory element that works across cell types. 

A heterologous regulatory element maybe inserted into a stable cell line or 

20 cloned microorganism, such that it is operatively linked with an endogenous CARD-9, 
CARD-10, or CARD-1 1 gene, using techniques, such as targeted homologous 
recombination, which are well known to those of skill in the art, and described e.g., in 
Chappel, U.S. Patent No. 5,272,071 ; PCT publication No. WO 91/06667, published May 
16,1991. 

25 

V. Pharmaceutical Compositions 

The CARD-9, CARD-10, or CARD-1 1 nucleic acid molecules, CARD-9, CARD- 
10, or CARD-1 1 proteins, and anti-CARD-9, CARD-10, or CARD-1 1 antibodies (also 
referred to herein as "active compounds") of the invention can be incorporated into 

30 pharmaceutical compositions suitable for administration. Such compositions typically 
comprise the nucleic acid molecule, protein, or antibody and a pharmaceutical^ 
acceptable carrier. As used herein the language "pharmaceutical^ acceptable carrier" is 
intended to include any and all solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, and the like, compatible with 

35 pharmaceutical administration. The use of such media and agents for pharmaceutically 
active substances is well known in the art. Except insofar as any conventional media or 

77 



WO0140468 f rile:/A\cadmffsQ1\rtrmdata\lp\FolevPat\PatentDocuments\WOU14Q4b8.cp c| 



Page bu ot 145 



WO 01/40468 PCT/US00/32716 

agent is incompatible with the active compound, use thereof in the compositions is 
contemplated. Supplementary active compounds can also be incorporated into the 
compositions. 

The invention includes methods for preparing pharmaceutical compositions for 
5 modulating the expression or activity of a polypeptide or nucleic acid of the invention. 
Such methods comprise formulating a pharmaceutically acceptable carrier with an agent 
which modulates expression or activity of a polypeptide or nucleic acid of the invention. 
Such compositions can further include additional active agents. Thus, the invention 
further includes methods for preparing a pharmaceutical composition by formulating a 
10 pharmaceutically acceptable carrier with an agent which modulates expression or activity 
of a polypeptide or nucleic acid of the invention and one or more additional active 
compounds. 

The agent which modulates expression or activity may, for example, be a small 
molecule. For example, such small molecules include peptides, peptidomimetics, amino 

15 acids, amino acid analogs, polynucleotides, polynucleotide analogs* nucleotides, 

nucleotide analogs, organic or inorganic compounds (i.e., including heteroorganic and 
organometallic compounds) having a molecular weight less than about 10,000 grams per 
mole, organic or inorganic compounds having a molecular weight les than about 5,000 
grams per mole, organic or inorganic compounds having a molecular weight less than 

20 about 1 ,000 grams per mole, organic or inorganic compounds having a molecular weight 
less than about 500 grams per mole, and salts, esters, and other pharmaceutically 
acceptable forms of such compounds. It is understood that appropriate doses of small 
molecule agents depends upon a number of factors within the ken of the ordinarily skilled 
physician, veterinarian, or researcher. The dose(s) of the small molecule will vary, for 

25 example, depending upon the identity, size, and condition of the subject or sample being 
treated, further depending upon the route by which the composition is to be administered, 
if applicable, and the effect which the practitioner desires the small molecule to have 
upon the nucleic acid or polypeptide of the invention. Exemplary doses include 
milligram or microgram amounts of the small molecule per kilogram of subject or sample 

30 weight (e.g., about 1 microgram per kilogram to about 500 milligrams per kilogram, 
about 100 micrograms per kilogram to about 5 milligrams per kilogram, or about 1 
microgram per kilogram to about 50 micrograms per kilogram. It is furthermore 
understood that appropriate doses of a small molecule depend upon the potency of the 
small molecule with respect to the expression or activity to be modulated. Such 

35 appropriate doses may be determined using the assays described herein. When one or 
more of these small molecules is to be administered to an animal (e.g., a human) in order 

78 



WO0140468 [ file:/A\cadmffs01Vfirmdata\lp\Fo>eyPat\PatentDocuments\WOQl40468.cp cl 



Hageai ot i4o 



WO 01/40468 PCT/US00/32716 

to modulate expression or activity of a polypeptide or nucleic acid of the invention, a 
physician, veterinarian, or researcher may, for example, prescribe a relatively low dose at 
first, subsequently increasing the dose until an appropriate response is obtained. In 
addition, it is understood that the specific dose level for any particular subject will 
5 depend upon a variety of factors including the activity of the specific compound 

employed, the age, body weight, general health, gender, and diet of the subject, the time 
of administration, the route of administration, the rate of excretion, any drug 
combination, and the degree of expression or activity to be modulated 

A pharmaceutical composition of the invention is formulated to be compatible 

10 with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 

1 5 polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 

antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. The pH can be adjusted with acids or bases, 

20 such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 

enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic. 
Pharmaceutical compositions suitable for injectable use include sterile aqurous 
. solutions (where water soluble) or dispersions, and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous 

25 administration, suitable carriers include physiological saline, bacteriostatic water, 

Cremophor EL (BASF; Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, 
the composition must be sterile and should be fluid to the extent that easy syringability 
exists. It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms such as bacteria and fungi. 

30 The carrier can be a solvent or dispersion medium containing, for example, water, 

ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyetheylene glycol, 
and the like), and suitable mixtures thereof. The proper fluidity can be maintained, for 
example, by the use of a coating such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of surfactants. Prevention of the 

35 action of microorganisms can be achieved by various antibacterial and antifungal agents, 
for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In 

79 



i WV ,u:j... w >« J Luiiiiwajiii >< ii oiij-jii qui- oyuCiiiikLJ'U"uuiL jhbuu>jh i »^ u . imj^im-h m l ^ yy. 



-age 01 10 



WO 01/40468 PCTAJS00/32716 

many cases, it will be preferable to include isotonic agents, for example, sugars, 
polyalcohols such as mannitol, sorbitol, sodium chloride in the composition. Prolonged 
. absorption of the injectable compositions can be brought about by including in the 
composition an agent which delays absorption, for example, aluminum monostearate and 
5 gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound 
(e.g., a CARD-9, CARD- 10, or CARD-11 protein or anti-CARD-9, CARD- 10, or 
CARD-1 1 antibody) in the required amount in an appropriate solvent with one or a 
combination of ingredients enumerated above, as required, followed by filtered 

10 sterilization. Generally, dispersions are prepared by incorporating the active compound 
into a sterile vehicle which contains a basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of sterile powders for the 
preparation of sterile injectable solutions, the preferred methods of preparation are 
vacuum drying and freeze-drying which yields a powder of the active ingredient plus any 

15 additional desired ingredient from a previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They 
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 

20 using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible 
binding agents, and/or adjuvant materials can be included as part of the composition. The 
tablets, pills, capsules, troches and the like can contain any of the following ingredients, 
or compounds of a similar nature: a binder such as microcrystalline cellulose, gum 

25 tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such as 
alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; 
a glidant such as colloidal silicon dioxide; a sweetening agent such- as sucrose or 
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring. 
For administration by inhalation, the compounds are delivered in the form of an aerosol 

30 spray from pressured container or dispenser which contains a suitable propellant, e.g., a 
gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art, 

35 and include, for example, for transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be accomplished through the 
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use of nasal sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
5 conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 

10 Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 

1 5 cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutical^ 
acceptable carriers. These can be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 

20 as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique characteristics of the active compound 

25 and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 

For antibodies, the preferred dosage is 0.1 mg/kg to 100 mg/kg of body weight 
(generally 10 mg/kg to 20 mg/kg). If the antibody is to act in the brain, a dosage of 50 
mg/kg to . 100 mg/kg is usually appropriate. Generally, partially human antibodies and 

30 fully human antibodies have a longer half-life within the human body than other 
antibodies. Accordingly, lower dosages and less frequent administration is often 
possible. Modifications such as lipidation can be used to stabilize antibodies and to 
enhance uptake and tissue penetration (e.g., into the brain). A method for lipidation of 
antibodies is described by Cruikshank et al. ((1997) J. Acquired Immune Deficiency 

35 Syndromes and Human Retrovirology 14: 1 93). 
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The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
example, intravenous injection, local administration (U.S. Patent 5,328,470) or by 
stereotactic injection (see, e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. USA 
5 91 :3054-3057). The pharmaceutical preparation of the gene therapy vector can include 
the gene therapy vector in an acceptable diluent, or can comprise a slow release matrix in 
which the gene delivery vehicle is imbedded. Alternatively, where the complete gene 
delivery vector can be produced intact from recombinant cells, e.g. retroviral vectors, the 
pharmaceutical preparation can include one or more cells which produce the gene 
10 delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 

VI. Uses and Methods of the Invention 

1 5 The nucleic acid molecules, proteins, protein homologues, and antibodies 

described herein can be used in one or more of the following methods: a) screening 
assays; b) detection assays (e.g., chromosomal mapping, tissue typing, forensic biology), 
c) predictive medicine (e.g., diagnostic assays, prognostic assays, monitoring clinical 
trials, and pharmacogenomics); and d) methods of treatment (e.g., therapeutic and 

20 prophylactic). A CARD-9, CARD-1 0, or CARD-1 1 protein interacts with other cellular 
proteins and can thus be used for (i) regulation of cellular proliferation; (ii) regulation of 
cellular differentiation; and (iii) regulation of cell survival. The isolated nucleic acid 
molecules of the invention can be used to express CARD-9, CARD-10, or CARD-1 1 
protein (e.g., via a recombinant expression vector in a host cell in gene therapy 

25 applications), to detect CARD-9, CARD-10, or CARD-1 1 mRNA (e.g., in a biological 
sample) or a genetic lesion in a CARD-9, CARD-10, or CARD-1 1 gene, and to modulate 
CARD-9, CARD-10, or CARD-1 1 activity. In addition, the CARD-9, CARD-10, or 
CARD-1 1 proteins can be used to screen-drugs or compounds which modulate the 
CARD-9, CARD-10, onCARD-1 1 activity or expression as well as to treat disorders 

30 characterized by insufficient or excessive production of CARD-9, CARD-10, or CARD- 
11 protein or production of CARD-9, CARD-10, or CARD-1 1 protein forms which have 
decreased or aberrant activity compared to CARD-9, CARD-10, or CARD-1 1 wild type 
protein. In addition, the anti-CARD-9, CARD-10, or CARD-1 1 antibodies of the 
invention can be used to detect and isolate CARD-9, CARD-10, or CARD-1 1 proteins 

35 and modulate CARD-9, CARD-10, or CARD-1 1 activity. 
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This invention further pertains to novel agents identified by the above-described 
screening assays and uses thereof for treatments as described herein. 

A. Screening Assays 
5 The invention provides a method (also referred to herein as a "screening assay") 

for identifying modulators, i.e., candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, small molecules or other drugs) which bind to CARD-9, CARD- 10, or 
CARD-1 1 proteins or biologically active portions thereof or have a stimulatory or 
inhibitory effect on, for example, CARD-9, CARD- 10, or CARD-1 1 expression or 

10 CARD-9, CARD-10, or CARD-1 1 activity. Examples of biologically active portions of 
CARD-9 include: amino acids 7-98 encoding a CARD domain; amino acids 140-416 
encoding a coiled-coil domain; amino acids 197-213 encoding an indole-3-glycerol 
phosphate synthase homology region; and amino acids 285-338 encoding a cysteine rich 
repeat homology region. Examples of biologically active portions of human CARD-10 

1 5 include: amino acids 23-123 encoding a CARD domain; amino acids 147-457 encoding a 
coiled-coil domain; amino acids 704-772 encoding an SH3 domain; amino acids 830- 
1032 encoding a GUK domain; and amino acids 366-398 encoding a tropomyosin 
domain. Examples of biologically active portions of human CARD-1 1 include: amino 
acids 6-1 12 encoding a CARD domain; amino acids 130-431 encoding a coiled-coil 

20 domain; amino acids 635-748 encoding a PDZ domain; amino acids 766-834 encoding an 
SH3 domain; and amino acids 882-1 147 encoding a GUK domain. 

Among the screening assays provided by the invention are screening to identify 
molecules that prevent the dimerization of CARD-9, CARD-10, or CARD-1 1 and 
screening to identify molecules which block the binding of a CARD containing 

25 polypeptide to CARD-9, CARD-10, or CARD-1 1 . Screening assays, e.g., dimerization 
assays, can employ full-length CARD-9, CARD-10, or CARD-1 1 or a portion of CARD- 
9, CARD-10, or CARD-1 1, e.g., the CARD domain, the coiled-coil domain, the PDZ 
domain, the SH3 domain, or the GUK domain. 

Screening assays can be used to. identify molecules which modulate a CARD-9, 

30 CARD-10, or CARD-1 1 mediated increase in transcription of genes having an AP-1 or 
NF-kB binding site. For example, expression of a reporter gene under the control of NF- 
kB (or AP-1) is measured in the presence and absence of a candidate molecule and in the 
presence and absence of CARD-9, CARD-10, or CARD-1 1 to identify those molecules 
which alter expression of the reporter in a CARD-9, CARD-10, or CARD-1 1 dependent 

35 manner. In addition, screening assays can be used to identify molecules that modulate a 
CARD-9, CARD-10, or CARD-1 1 mediated increase in CHOP phosphorylation. For 
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example, the expression of a reporter gene under the control of CHOP is measured in the 
presence and absence of a candidate small molecule and in the presence and absence of 
CARD-9, CARD-10, or CARD-1 1 to identify those molecules that alter expression of the 
reporter in a CARD-9, CARD -10, or CARD-1 1 dependent manner. A screening assay 
5 can be carried out to identify molecules which modulate the CARD-9, CARD-10, or 
CARD-1 1 mediated increase in CHOP phosphorylation. For example, CHOP 
phosphorylation is measured in the presence and absence of a candidate molecule and in 
the presence and absence of CARD-9, CARD-10, or CARD-11. Phosphorylation of 
CHOP can be measured using an antibody which binds to phosphoiylated CHOP, but not 

10 to non-phosphorylated CHOP. 

Screening assays can also be used to identify molecules that modulate activity 
mediated by a domain of CARD-9, CARD-10, or CARD-1 1 . For example, enzymatic 
activity mediated by the GUK of CARD-10 or CARD-1 1 may be measured by a GTP 
binding assay. Test compounds or agents may be evaluated for their ability to either 

15 increase or decrease the GTP-binding ability of the GUK domain of CARD-10 or CARD- 

11. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds which bind to or modulate the activity of a CARD-9, CARD-10, or CARD- 
1 1 proteins or polypeptides or biologically active portions thereof. The test compounds 

20 of the present invention can be obtained using any of the numerous approaches in 

combinatorial library methods known in the art, including: biological libraries; spatially 
addressable parallel solid phase or solution phase libraries; synthetic library methods 
requiring deconvolution; the "one-bead one-compound" library method; and synthetic 
library methods using affinity chromatography selection. The biological library approach 

25 is limited to peptide libraries, while the other four approaches are applicable to peptide, 
non-peptide oligomer or small molecule libraries of compounds (Lam (1997) Anticancer 
Drug Des. 12:145). Examples of methods for the synthesis of molecular libraries can be 
found in the art, for example in: DeWitt et al. (1993) Proc. Natl. Acad. Sci. U.S.A. 
90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. 

30 (1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 261 :1303; Carrell et al. (1994) 
Angew. Chem. Int. Ed. Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 
33:2061 ; and Gallop et al. (1994) J. Med. Chem. 37:1233. 

Libraries of compounds may be presented in solution (e.g., Houghten (1992) 
Bio/Techniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 

35 (1993) Nature 364:555-556), bacteria (U.S. Patent No. 5,223,409), spores (Patent Nos. 
5,571,698; 5,403,484; and 5,223,409), plasmids (Cull et al. (1992) Proc. Natl. Acad. Sci. 
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USA 89:1865-1869) or on phage (Scott and Smith (1990) Science 249:386-390; Devlin 
(1990) Science 249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci. 87:6378-6382; 
and Felici (1991) J. Mol. Biol. 222:301-310). 

In one embodiment, an assay is one in which a polypeptide of the invention, or a 
5 biologically active portion thereof, is contacted with a test compound and the ability of 
the test compound to bind to the polypeptide determined. Determining the ability of the 
test compound to bind to the polypeptide can be accomplished, for example, by coupling 
the test compound with a radioisotope or enzymatic label such that binding of the test 
compound to the polypeptide or biologically active portion thereof can be determined by 

10 detecting the labeled compound in a complex. For example, test compounds can be 
labeled with I25 1, 35 S, ,4 C, or 3 H, either directly or indirectly, and the radioisotope 
detected by direct counting of radioemmission or by scintillation counting. Alternatively, 
test compounds can be enzymatically labeled with, for example, horseradish peroxidase, 
alkaline phosphatase, or luciferase, and the enzymatic label detected by determination of 

1 5 conversion of an appropriate substrate to product. 

Determining the ability of the test compound to modulate the activity of CARD- 
9, CARD-10, or CARD-1 1 or a biologically active portion thereof can be accomplished, 
for example, by determining the ability of the CARD-9, CARD-10, or CARD-1 1 protein 
to bind to or interact with a CARD-9, CARD-10, or CARD-1 1 target molecule. As used 

20 herein, a "target molecule" is a molecule with which a CARD-9, CARD-10, or CARD-1 1 
protein binds or interacts in nature, for example, a molecule associated with the internal 
surface of a cell membrane or a cytoplasmic molecule. A CARD-9, CARD-10, or 
CARD-1 1 target molecule tan be a non-CARD-9, CARD-10, or CARD-1 1 molecule or a 
CARD-9, CARD-10, or CARD-1 1 protein or polypeptide of the present invention. In 

"25 " one embodiment,TCARD-9, CARD-10, or CARD-1 1 target molecule is a component of 
an apoptotic signal transduction pathway. The target, for example, can be a second 
intracellular protein which has catalytic activity or a protein which facilitates the 
association of downstream signaling molecules with CARD-9, CARD-10, or CARD-1 1. 
Determining the ability of the test compound to modulate the activity of CARD-9, 

30 CARD-10, or CARD-1 1 or a biologically active portion thereof can be accomplished, for 
example, by determining the ability of the CARD-9, CARD-10, or CARD-1 1 protein to 
bind to or interact with any of the specific proteins listed in the previous paragraph as 
CARD-9, CARD-10, or CARD-1 1 target molecules. In another embodiment, CARD-9, 
" CARD-10, or CARD-1 1 target molecules include all proteins that bind to a CARD-9, 

35 CARD-10, or CARD-1 1 protein or a fragment thereof in a two-hybrid system binding 
assay which can be used without undue experimentation to isolate such proteins from 
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cDNA or genomic two-hybrid system libraries. The binding assays described in this 
section can be cell-based or cell free (described subsequently). 

Determining the ability of the CARD-9, CARD-10, or CARD-1 1 protein to bind 
to or interact with a CARD-9, CARD-10, or CARD-1 1 target molecule can be 
5 accomplished by one of the methods described above for determining direct binding. In 
an embodiment, determining the ability of the CARD-9, CARD-1 0, or CARD-1 1 protein 
to bind to or interact with a CARD-9, CARD-10, or CARD-1 1 target molecule can be 
accomplished by determining the activity of the target molecule. For example, the 
activity of the target molecule can be determined by detecting induction of a cellular 

10 second messenger of the target (e.g., intracellular Ca 2+ , diacylglycerol, EP3, etc.), 

detecting catalytic/enzymatic activity of the target on an appropriate substrate, detecting 
the induction of a reporter gene (e.g., a CARD-9, CARD-10, or CARD-1 1-responsive 
regulatory element operatively linked to a nucleic acid encoding a detectable marker, e.g. 
luciferase), or detecting a cellular response, for example, cell survival, cellular 

15 differentiation, or cell proliferation. The activity of a target molecule can be monitored 
by assaying the caspase 9-mediated apoptosis cellular response or caspase 9 enzymatic 
activity. In addition, and in another embodiment, genes induced by CARD-9, CARD-10, 
or CARD-1 1 expression can be identified by expressing CARD-9, CARD-10, or CARD- 
1 1 in a cell line and conducting a transcriptional profiling experiment wherein the mRNA 

20 expression patterns of the cell line transformed with an empty expression vector and the 
cell line transformed with a CARD-9, CARD-10, or CARD-1 1 expression vector are 
compared. The promoters of genes induced by CARD-9, CARD-10, or CARD-1 1 
expression can be operatively linked to reporter genes suitable for screening such as 
luciferase, secreted alkaline phosphatase, or beta-galactosidase and the resulting 

25 constructs could be introduced into appropriate expression vectors. A recombinant cell 
line containing CARD-9, CARD-10, or CARD-1 1 and transfected with an expression 
-vector containing a CARD-9, CARD-10, or CARD-1 1 responsive promoter operatively 
linked to areporter gene can be used to identify test compounds that modulate CARD-9, 
CARD-10, or CARD-1 1 activity by assaying. the expression of the reporter gene in 

30 response to contacting the recombinant cell line with test compounds. CARD-9, CARD- 
10, or CARD-1 1 agonists can be identified as increasing the expression of the reporter 
gene and CARD-9, CARD-10, or CARD- 11 antagonists can be identified as decreasing 
the expression of the reporter gene. 

In another embodiment of the invention, the ability of a test compound to 

35 modulate the activity of CARD-9, CARD-10, or CARD-1 1, or biologically active 
portions thereof can be determined by assaying the ability of the test compound to 
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modulate CARD -9, CARD- 10, or CARD- 1 1 -dependent pathways or processes where the 
CARD-9, CARD- 10, or CARD- 11 target proteins that mediate the CARD-9, CARD- 10, 
or CARD- 1 1 effect are known or unknown. Potential CARD-9, CARD- 10, or CARD- 
1 1 -dependent pathways or processes include, but are not limited to, the modulation of 
5 cellular signal transduction pathways and their related second messenger molecules (e.g., 
intracellular Ca 2 +, diacylglycerol, IP3, cAMP etc.), cellular enzymatic activities, cellular 
responses (e.g., cell survival, cellular differentiation, or cell proliferation), or the 
induction or repression of cellular or heterologous mRNAs or proteins. CARD-9, 
CARD-10, or CARD-1 1-dependent pathways or processes could be assayed by standard 

10 cell-based or cell free assays appropriate for the specific pathway or process under study. 
In another embodiment, cells cotransfected with CARD-9, CARD-10, or CARD-1 1 and a 
NF-kB luciferase reporter gene could be contacted with a test compound and test 
compounds that block CARD-9, CARD-10, or CARD-1 1 activity could be identified by 
their reduction of CARD-9, CARD-10, or CARD-1 1-dependent NF-kB pathway 

1 5 luciferase reporter gene expression. Test compounds that agonize CARD-9, CARD- 1 0, 
or CARD-1 1 would be expected to increase reporter gene expression. In another 
embodiment, CARD-9, CARD-10, or CARD-1 1 could be expressed in a cell line and the 
recombinant CARD-9, CARD-10, or CARD-1 1 -expressing cell line could be contacted 
with a test compound. Test compounds that inhibit CARD-9, CARD-10, or CARD-1 1 

20 activity could be identified by their reduction of CARD-9, CARD-1 0, or CARD- 

1 1 -depended NF-kB pathway stimulation as measured by the assay of a NF-kB pathway 
reporter gene, NF-kB nuclear localization, IkB phosphorylation or proteolysis, or other 
standard assays for NF-kB pathway activation known to those skilled in the art. 

In yet another embodiment, an assay of the present invention is a cell-free assay 

25 comprising contacting a CARD-9, CARD-10, or CARD-1 1 protein or biologically active 
portion thereof with a test compound and determining the ability of the test compound to 
bind to the CARD-9, CARD-10, or CARD-1 1 protein or biologically active portion 
thereof. Binding of the test compound to the CARD-9, CARD-10, or CARD-1 1 protein 
can be determined either directly or indirectly as described above. In one embodiment, a 

30 competitive binding assay includes contacting the CARD-9, CARD-10, or CARD-1 1 
protein or biologically active portion thereof with a compound known to bind CARD-9, 
CARD-10, or CARD-1 1 to form an assay mixture, contacting the assay mixture with a 
test compound, and determining the ability of the test compound to interact with a 
CARD-9, CARD-10, or CARD-1 1 protein, wherein determining the ability of the test 

35 compound to interact with a CARD-9, CARD-10, or CARD-1 1 protein comprises 

determining the ability of the test compound to preferentially bind to CARD-9, CARD- 
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10, or CARD-1 1 or biologically active portion thereof as compared to the known binding 
compound. 

In another embodiment, an assay is a cell-free assay comprising contacting 
CARD-9, CARD- 10, or CARD-1 1 protein or biologically active portion thereof with a 
5 test compound and determining the ability of the test compound to modulate (e.g., 
stimulate or inhibit) the activity of the CARD-9, CARD-10, or CARD-1 1 protein or 
biologically active portion thereof. Determining the ability of the test compound to 
modulate the activity of CARD-9, CARD-10, or CARD-1 1 can be accomplished, for 
example, by determining the ability of the CARD-9, CARD-10, or CARD-1 1 protein to 

10 bind to or interact with a CARD-9, CARD-10, or CARD-1 1 target molecule, e.g., Bcl-10, 
by one of the methods described above for determining direct binding. In an alternative 
embodiment, determining the ability of the test compound to modulate the activity of 
CARD-9, CARD-10, or CARD-1 1 can be accomplished by determining the ability of the 
CARD-9, CARD-10, or CARD-1 1 protein to further modulate a CARD-9, CARD-10, or 

15 CARD-1 1 target molecule. For example, the catalytic/enzymatic activity of the target 
molecule on an appropriate substrate can be determined as previously described. 

In yet another embodiment, the cell-free assay comprises contacting the CARD-9, 
CARD-10, or CARD-1 1 protein or biologically active portion thereof with a known 
compound which binds CARD-9, CARD-10, or CARD-1 1 to form an assay mixture, 

20 contacting the assay mixture with a test compound, and determining the ability of the test 
compound to interact with a CARD-9, CARD-10, or CARD- 11 protein, wherein 
determining the ability of the test compound to interact with a CARD-9, CARD-10, or 
CARD-1 1 protein comprises determining the ability of the CARD-9, CARD-10, or 
CARD-1 1 protein to preferentially bind to or modulate the activity of a CARD-9, CARD- 

25 10, or CARD-1 1 target molecule. The cell-free assays of the present invention are 

amenable to use of either the soluble form or a membrane-associated form of CARD-9, 
CARD-10, or CARD-1 1. A membrane-associated form of GARD-9, CARD-10, or 
CARD-1 1 refers to CARD-9, CARD-10, or CARD-1 1 that interacts with a 
membrane-bound target molecule. In the case of cell-free assays comprising the 

30 membrane-associated form of CARD-9, CARD-1 0, or CARD-1 1 , it may be desirable to 
utilize a solubilizing agent such that the membrane-associated form of CARD-9, CARD- 
10, or CARD-1 1 is maintained in solution. Examples of such solubilizing agents include 
non-ionic detergents such as n-octylglucoside, n-dodecylglucoside, mdodecylmaltoside, 
octanoyl-N-methylglucamide, decanoyl-N-methylglucamide, Triton® X-100, Triton® 

35 X-l 14, Thesit®, Isotridecypoly(ethylene glycol ether)n, 

3-[(3-cholamidopropyl)dimethylamminio]-l -propane sulfonate (CHAPS), 
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3-[(3-cholamidopropyl)dimethylamminio^^ sulfonate (CHAPSO), or 

N-dodecyl=N,N-dimethyl«3-ammonio- 1 -propane sulfonate. 

A variety of methods can be used to identify compounds which inhibit the 
interaction between CARD-9, CARD- 10, or CARD-1 1 and Bcl-10. Among these 
5 methods is the reverse two-hybrid screen (Huang and Schreiber (1997) Proc. Natl Acad. 
Sci USA 94:13396-401; Vidal et al. and (1996) Proc. Natl Acad. Set USA 93:10315-20; 
and Vidal et al. (1996) Proc. Natl Acad. Sci. USA 93:10321-6). To create a high 
throughput assay, the reverse two hybrid screen can be combined with nanodroplet 
technology (Huang and Schreiber (1997) supra\ and Borchardt et al. (1997) Chem. and 

10 Biol 4:961-68). Nanodroplet technology employs 100-200 nl droplets which contain 
cells, defined media, and beads to which are attached test compounds. The screening can 
take place in the nanodroplets, and the test compounds can be attached to the beads so 
that their release can be controlled photochemically. 

A scintillation proximity assay can be used to identify molecules which modulate 

1 5 the interaction between Bcl-10 and CARD-9, CARD-10, or CARD-1 1 . In a scintillation 
proximity assay designed to measure the interaction between two proteins, one of the two 
proteins is radioactively labeled, e.g., tritiated, and the other protein is not. The two 
interacting proteins are incubated in the presence and absence of a test compound. The 
unlabeled protein is captured by a solid support material, e.g., a bead, impregnated with a 

20 fluorescer. The fraction of the radiolabeled protein that binds to the captured unlabeled 
protein is in close enough proximity to the solid support material to activate the 
fluorescer to produce light energy. The vast majority of the radiolabeled protein that 
does not bind to the unlabeled protein is too far from the solid support material to activate 
the fluorescer. Thus, the level of light energy produced by the fluorescer is indicative of 

25 the amount of radiolabeled protein bound to the unlabeled protein captured by the solid 
support material. Scintillation proximity assays are described in U.S. Patent 4,568,649. 

■ - - In more than one embodiment of the above assay methods of the present 
invention, it may be desirable to immobilize either CARD-9, CARD-10, or CARD-1 1 or 
jts target molecule to facilitate separation of complexed from uncomplexed forms of one 

30 or both of the proteins, as well as to accommodate automation of the assay. Binding of a 
test compound to CARD-9, CARD-10, orCARD-11, or interaction of CARD-9, CARD- 
10, or CARD-1 1 with a target molecule in the presence and absence of a candidate 
compound, can be accomplished in any vessel suitable for containing the reactants. 
Examples of such vessels include microtitre plates, test tubes, and micro-centrifuge tubes. 

35 In one embodiment, a fusion protein can be provided which adds a domain that allows 
one or both of the proteins to be bound to a matrix. For example, 
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glutathione-S-transferase/CARD-9, CARD-10, or CARD- 11 fusion proteins or 
glutathione-S-transferase/target fusion proteins can be adsorbed onto glutathione 
sepharose beads (Sigma Chemical; St. Louis, MO) or glutathione derivatized microtitre 
plates, which are then combined with the test compound or the test compound and either 
5 the non-adsorbed target protein or CARD-9, CARD-10, or CARD- 11 protein, and the 
mixture incubated under conditions conducive to complex formation (e.g., at 
physiological conditions for salt and pH). Following incubation, the beads or microtitre 
plate wells are washed to remove any unbound components, the matrix immobilized in 
the case of beads, complex determined either directly or indirectly, for example, as 

10 described above. Alternatively, the complexes can be dissociated from the matrix, and 
the level of CARD-9, CARD-10, or CARD-1 1 binding or activity determined using 
standard techniques. In an alternative embodiment, MVC or HA epitope tag CARD-9, 
CARD-10, or CARD-1 1 fusion proteins or MYC or HA epitope tag target fusion proteins 
can be adsorbed onto anti-MYC or anti-HA antibody coated microbeads or onto 

15 anti-MYC or anti-HA antibody coated microtitre plates, which are then combined with 
the test compound or the test compound and either the non-adsorbed target protein or 
CARD-9, CARD-10, or CARD-1 1 protein, and the mixture incubated under conditions 
conducive to complex formation (e.g., at physiological conditions for salt and pH). 
Following incubation, the beads or microtitre plate wells are washed to remove any 

20 unbound components, the matrix immobilized in the case of beads, complex determined 
either directly or indirectly, for example, as described above. Alternatively, the 
complexes can be dissociated from the matrix, and the level of CARD-9, CARD-10, or 
CARD- 1 1 bindin g or ac tivity det ermined usin g standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the 

25 screening assays of the invention. For example, CARD-9,.CARD-10, or CARD-1 1 or its 
target molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated CARD-9, CARD-10, or CARD-1 1 target molecules can be prepared from 
biotin-NHS (N-hydroxy-succinimide) using techniques well known in the art (e.g., 
biotinylation kit, Pierce Chemicals; Rockford, IL), and immobilized in the wells of 

30 streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, antibodies reactive 
with CARD-9, CARD-10, or CARD-1 1 or target molecules but which do not interfere 
with binding of the protein to its target molecule can be derivatized to the wells of the 
plate, and unbound target or protein trapped in the wells by antibody conjugation. 
Methods for detecting such complexes, in addition to those described above for the 

35 GST-immobilized complexes and epitope tag immobilized complexes, include 

immunodetection of complexes using antibodies reactive with the CARD-9, CARD-10, 
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or CARD-1 1 or target molecule, as well as enzyme-linked assays which rely on detecting 
an enzymatic activity associated with the CARD-9, CARD-1 0, or CARD-1 1 or a target 
molecule. 

In another embodiment, modulators of CARD-9, CARD-10, or CARD-1 1 
expression are identified in a method in which a cell is contacted with a candidate 
compound and the expression of the CARD-9, CARD-10, or CARD-1 1 promoter, mRNA 
or protein in the cell is determined. The level of expression of CARD-9, CARD-10, or 
CARD-1 1 mRNA or protein in the presence of the candidate compound is compared to 
the level of expression of CARD-9, CARD-10, or CARCM 1 mRNA or protein in the 
absence of the candidate compound. The candidate compound can then be identified as a 
modulator of CARD-9, CARD-10, or CARD-1 1 expression based on this comparison. 
For example, when expression of CARD-9, CARD-10, or CARD-1 1 mRNA or protein is 
greater (statistically significantly greater) in the presence of the candidate compound than 
in its absence, the candidate compound is identified as a stimulator of CARD-9, CARD- 
10, or CARD-1 1 mRNA or protein expression. Alternatively, when expression of 
CARD-9, CARD-10, or CARD-1 1 mRNA or protein is less (statistically significantly 
less) in the presence of the candidate compound than in its absence, the candidate 
compound is identified as an inhibitor of CARD-9, CARD-10, or CARD- 11 mRNA or 
protein expression. The level of CARD-9, CARD-10, or CARD-1 1 mRNA or protein 
expression in the cells can be determined by methods described herein for detecting 
CARD-9, CARD-10, or CARD-1 1 mRNA or protein. The activity of the CARD-9, 
CARD-10, or CARD-1 1 promoter can be assayed by linking the CARD-9, CARD-10, or 
CARD-1 1 promoter to a reporter gene such as luciferase, secreted alkaline phosphatase, 
or beta-galactosidase and introducing the resulting construct into an appropriate vector, 
transfecting a host cell line, and measuring the activity of the reporter gene in response to 
test compounds. 

. - In yet another aspect of the invention, the CARD-9, CARD-10, or CARD-1 1 
proteins can be used as "bait proteins" in a two-hybrid assay (for a discussion of a 
.. mammalian two-hybrid assay,.see e.g., Hosfield and Chang (1999) Strategies Newsletter 
2(2):62-65) or three hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al. 
(1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-12054; Bartel et 
al. (1993) Bio/Techniques 14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696; 
and PCT Publication No. WO 94/10300), to identify other proteins, which bind to or 
interact with CARD-9, CARD-10, or CARD-11 ("CARD-9, CARD-10, or CARD- 
1 1-binding proteins" or "CARD-9, CARD-10, or CARD-1 1-bp") and modulate CARD-9, 
CARD-10, or CARD-1 1 activity. Such CARD-9, CARD-10, or CARD-1 1-binding 
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proteins are also likely to be involved in the propagation of signals by the CARD-9, 
CARD- 10, or CARD-1 1 proteins as, for example, upstream or downstream elements of 
the CARD-9, CARD-10, or CARD-1 1 pathway. 

The two-hybrid system is based on the modular nature of most transcription 
5 factors, which consist of separable DNA-binding and activation domains. Briefly, the 
assay utilizes two different DNA constructs. In one construct, the gene that codes for 
CARD-9, CARD-10, or CARD-1 1 is fused to a gene encoding the DNA binding domain 
of a known transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, 
from . a library of DNA sequences, that encodes an unidentified protein ("prey" or 

10 "sample") is fused to a gene that codes for the activation domain of the known 

transcription factor. If the ,f bait" and the "prey" proteins are able to interact, in vivo, 
forming a CARD-9, CARD-10, or CARD-1 1 -dependent complex, the DNA-binding and 
activation domains of the transcription factor are brought into close proximity. This 
proximity allows transcription of a reporter gene (e.g., LacZ) which is operably linked to 

15 a transcriptional regulatory site responsive to the transcription factor. Expression of the 
reporter gene can be detected and cell colonies containing the functional transcription 
factor can be isolated and used to obtain the cloned gene which encodes the protein 
which interacts with CARD-9, CARD-10, or CARD-1 1. 

In an embodiment of the invention, the ability of a test compound to modulate the 

20 activity of CARD-9, CARD-10, or CARD-1 1 , or a biologically active portion thereof can 
be determined by assaying the ability of the test compound to block the binding of 
CARD-9, CARD-10, or CARD-1 1 to its target proteins in a yeast or mammalian 
two-hybrid system assay. This assay could be_ automated for high throughput drug 
screening purposes. In another embodiment of the invention, CARD-9, CARD-10, or 

25 CARD-1 1 and a target protein could be configured in the reverse two-hybrid system 

(Vidal et al. (1996) Proc. Natl. Acad. Sci. USA 93:10321-6 and Vidal et al. (1996) Proc. 
Natl. Acad. Sci. USA 93:10315-20) designed specifically for efficient drug screening. In 
the reverse two-hybrid system, inhibition of a CARD-9, CARD-1 0, or CARD-1 1 physical 
interaction, with a target protein would result in induction of a reporter gene in contrast to 

30 the normal two-hybrid system where inhibition of CARD-9, CARD-10, or CARD-1 1 
physical interaction with a target protein would lead to reporter gene repression. The 
reverse two-hybrid system is preferred for drug screening because reporter gene 
induction is more easily assayed than report gene repression. 

Alternative embodiments of the invention are proteins found to physically interact 

35 with proteins that bind to CARD-9, CARD-10, or CARD-1 1. CARD-9, CARD-10, or 
CARD- 11 interactors could be configured into two-hybrid system baits and used in 
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two-hybrid screens to identify additional members of the CARD-9, CARD- 10, or CARD- 
1 1 pathway. The interactors of CARD-9, CARD-10, or CARD-1 1 interactors identified 
in this way could be useful targets for therapeutic intervention in CARD-9, CARD-10, or 
CARD-1 1 related diseases and pathologies and an assay of their enzymatic or binding 
5 activity could be useful for the identification of test compounds that modulate CARD-9, 
CARD-10, or CARD-1 1 activity. 

This invention further pertains to novel agents identified by the above-described 
screening assays and uses thereof for treatments as described herein. 

10 B. Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 
corresponding complete gene sequences) can be used in numerous ways as 
polynucleotide reagents. For example, these sequences can be used to: (i) map their 
respective genes on a chromosome; and, thus, locate gene regions associated with genetic 
15 disease; (ii) identify an individual from a minute biological sample (tissue typing); and 
(iii) aid in forensic identification of a biological sample. These applications are described 
in the subsections below. 

1 . Chromosome Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 

20 sequence can be used to map the location of the gene on a chromosome. Accordingly, 
CARD-9, CARD-10, or CARD- 11 nucleic acid molecules described herein or fragments 
thereof, can be used to map the location of CARD-9, CARD-10, or CARD-1 1 genes on a 
chromosome. The mapping of the CARD-9, CARD-10, or CARD-1 1 sequences to 
chromosomes is an important first step in correlating these sequences with genes 

25 associated with disease. 

Briefly, CARD-9, CARD-10, or CARD-1 1 genes can be mapped to chromosomes 
by preparing PCR primers (preferably 15-25 bp in length) from the CARD-9, CARD-10, 
or CARD-1 1 sequences. Computer analysis of CARD-9, CARD-10, or CARD-1 1 
sequences can be used to rapidly select primers that do not span more than one exon in 

30 the genomic DNA, thus complicating the amplification process. These primers can then 
be used for PCR screening of somatic cell hybrids containing individual human 
chromosomes. Only those hybrids containing the human gene corresponding to the 
CARD-9, CARD-10, or CARD-1 1 sequences will yield an amplified fragment. 
Somatic cell hybrids are prepared by fusing somatic cells from different mammals 

35 (e.g., human and mouse cells). As hybrids of human and mouse cells grow and divide, 
they gradually lose human chromosomes in random order, but retain the mouse 
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chromosomes. By using media in which mouse cells cannot grow, because they lack a 
particular enzyme, but human cells can, the one human chromosome that contains the 
gene encoding the needed enzyme, will be retained. By using various media, panels of 
hybrid cell lines can be established. Each cell line in a panel contains either a single 
5 human chromosome or a small number of human chromosomes, and a full set of mouse 
chromosomes, allowing easy mapping of individual genes to specific human 
chromosomes. (D'Eustachio et al. (1983) Science 220:919-924). Somatic cell hybrids 
containing only fragments of human chromosomes can also be produced using human 
chromosomes with translocations and deletions. 

1 0 PCR mapping of somatic cell hybrids is a rapid procedure for assigning a 

particular sequence to a particular chromosome. Three or more sequences can be 
assigned per day using a single thermal cycler. Using the CARD-9, CARD-10, or 
CARD-11 sequences to design oligonucleotide primers, sublocalization can be achieved 
with panels of fragments from specific chromosomes. Other mapping strategies which 

15 can similarly be used to map a CARD-9, CARD-10, or CARD-1 1 sequence to its 
chromosome include in situ hybridization (described in Fan et al. (1990) Proc. Natl. 
Acad. Sci. USA 87:6223-27), pre-screening with labeled flow-sorted chromosomes, and 
pre-selection by hybridization to chromosome specific cDNA libraries. 

Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 

20 chromosomal spread can further be used to provide a precise chromosomal location in 
one step. Chromosome spreads can be made using cells whose division has been blocked 
in metaphase by a chemical like colcemid that disrupts the mitotic spindle. The 
chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A 
pattern of light and dark bands develops on each chromosome, so that the chromosomes 

25 can be identified individually. The FISH technique can be used with a DNA sequence as 
short as 500 or 600 bases. However, clones larger than 1,000 bases have a higher 
likelihood of binding to a unique chromosomal location with sufficient signal intensity 
for simple detection. Preferably 1,000 bases, and more preferably 2,000 bases will 
.suffice to get good results at a reasonable amountof time. - For a review of this technique, 

30 see Verma et al., (Human Chromosomes: A Manual of Basic Techniques (Pergamon 
Press, New York, 1988)). 

Reagents for chromosome mapping can be used individually to mark a single 
chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to 

35 noncoding regions of the genes actually are preferred for mapping purposes. Coding 
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sequences are more likely to be conserved within gene families, thus increasing the 
chance of cross hybridizations during chromosomal mapping. 

Once a sequence has been mapped to a precise chromosomal location, the 
physical position of the sequence on the chromosome can be correlated with genetic map 

5 data. (Such data are found, for example, in V. McKusick, Mendelian Inheritance in Man, 
available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between genes and disease, mapped to the same chromosomal region, can 
then be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, e.g., Egeland et al. (1987) Nature, 325:783-787. 

10 Moreover, differences in the DNA sequences between individuals affected and 

unaffected with a disease associated with the CARD-9, CARD- 10, or CARD-1 1 gene can 
be determined. If a mutation is observed in some or all of the affected individuals but not 
in any unaffected individuals, then the mutation is likely to be the causative agent of the 
particular disease. Comparison of affected and unaffected individuals generally involves 

15 first looking for structural alterations in the chromosomes such as deletions or 

translocations that are visible from chromosome spreads or detectable using PCR based 
on that DNA sequence. Ultimately, complete sequencing of genes from several 
individuals can be performed to confirm the presence of a mutation and to distinguish 
mutations from polymorphisms. 

20 A CARD-9, CARD- 10, or CARD-1 1 polypeptide and fragments and sequences 

thereof and antibodies specific thereto can be used to map the location of the gene 
encoding the polypeptide on a chromosome. This mapping can be carried out by 
specifically detecting the presence of the polypeptide in members of a panel of somatic 
cell hybrids between cells of a first species of animal from which the protein originates 

25 and cells from a second species of animal and then determining which somatic cell 

hybrid(s) expresses the polypeptide and noting the chromosome(s) from the first species 
of animal that it contains. For examples of this technique, see Pajunen et al (1988; 
Cytogenet. Cell Genet. 47:37-41 and Van Keuren et al (1986; Hum. Genet 74:34-40. 
Alternatively, the presence of the CARD-9, CARD-10, or CARD-1 1 polypeptide in the 

30 somatic cell hybrids can be determined by assaying an activity or property of the 

polypeptide, for example, enzymatic activity, as described in Bordelon-Riser et al (1979; 
Somatic Cell Genetics 5:597-613 and Owerbach et al (1978; Proc. Natl Acad. ScL USA 
75:5640-5644. 

2. Tissue Typing 

35 The CARD-9, CARD-1 0, or CARD-1 1 sequences of the present invention can 

also be used to identify individuals from minute biological samples. The United States 
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military, for example, is considering the use of restriction fragment length polymorphism 
(RFLP) for identification of its personnel. In this technique, an individual's genomic 
DNA is digested with one or more restriction enzymes, and probed on a Southern blot to 
yield unique bands for identification. This method does not suffer from the current 
5 limitations of "Dog Tags" which can be lost, switched, or stolen, making positive 
identification difficult. The sequences of the present invention are useful as additional 
DNA markers for RFLP (described in U.S. Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to provide an 
alternative technique which determines the actual base-by-base DNA sequence of 

10 selected portions of an individual's genome. Thus, the CARD-9, CARD-10, or CARD-1 1 
sequences described herein can be used to prepare two PCR primers from the 5' and 3' 
ends of the sequences. These primers can then be used to amplify an individual's DNA 
and subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this 

1 5 manner, can provide unique individual identifications, as each individual will have a 
unique set of such DNA sequences due to allelic differences. The sequences of the 
present invention can be used to obtain such identification sequences from individuals 
and from tissue. The CARD-9, CARD-10, or CARD- 11 sequences of the invention 
uniquely represent portions of the human genome. Allelic variation occurs to some 

20 degree in the coding regions of these sequences, and to a greater degree in the noncoding 
regions. It is estimated that allelic variation between individual humans occurs with a 
frequency of about once per each 500 bases. Each of the sequences described herein can, 
to some degree, be used as. a standard against which DNA from an individual can be 
compared for identification purposes. Because greater numbers of polymorphisms occur 

25 in the noncoding regions, fewer sequences are necessary to differentiate individuals. The 
noncoding sequences of SEQ ID NO:l, SEQ ID NO:4, SEQ ID NO:7, or SEQ ID NO: 10 
can comfortably provide positive individual identification with a panel of perhaps 10 to 
1 ,000* primers which each yield a noncoding amplified sequence of 100 bases. If 
- predicted coding sequences, such as-those-in SEQ ID NO:3, SEQ ID NO:6, SEQ ID 

30 NO:9, or SEQ ID NO: 12 are used, a more appropriate number of primers for positive 
individual identification would be 500-2,000. 

If a panel of reagents from CARD-9, CARD40, or CARD-1 1 sequences 
described herein is used to generate a unique identification database for an individual, 
those same reagents can later be used to identify tissue from that individual. Using the 

35 unique identification database, positive identification of the individual, living or dead, 
can be made from extremely small tissue samples. 
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3. Use of Partial Sequences in Forensic Biology 
DNA-based identification techniques can also be used in forensic biology. 
Forensic biology is a scientific field employing genetic typing of biological evidence 
found at a crime scene as a means for positively identifying, for example, a perpetrator of 
5 a crime. To make such an identification, PCR technology can be used to amplify DNA 
sequences taken from very small biological samples such as tissues, e.g., hair or skin, or 
body fluids, e.g., blood, saliva, or semen found at a crime scene. The amplified sequence 
can then be compared to a standard, thereby allowing identification of the origin of the 
biological sample. 

10 The sequences of the present invention can be used to provide polynucleotide 

reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" (i.e. another DNA sequence that is unique to a particular 
individual). As mentioned above, actual base sequence information can be used for 

15 identification as an accurate alternative to patterns formed by restriction enzyme 

generated fragments. Sequences targeted to noncoding regions of SEQ ID NO:l, SEQ ID 
NO:4, SEQ ID NO:7, or SEQ ID NO: 10 are particularly appropriate for this use as 
greater numbers of polymorphisms occur in the noncoding regions, making it easier to 
differentiate individuals using this technique. Examples of polynucleotide reagents 

20 include the CARD-9, CARD-10, or CARD-1 1 sequences or portions thereof, e.g., 

fragments derived from the noncoding regions of SEQ ID NO:l, SEQ ID NO:4, SEQ ID 
NO:7, or SEQ ID NO:10 which have a length of at least 20 or 30 bases. 

The seq u ences described herein ca n further be used t o provide polynucleotide 

reagents, e.g., labeled or labelable probes which can be used in, for example, an in situ 

25 hybridization technique, to identify a specific tissue, e.g., brain tissue. This can be very 
useful in cases where a forensic pathologist is presented with a tissue of unknown origin. 
Panels of such CARD-9, CARD-10, or CARD-1 1 probes can be used to identify tissue by 
species and/or by organ type. 

In a similar fashion, these reagents, e.g., CARD-9, CARD-10, or CARD-1 1 

30 primers or probes can be used to screen tissue culture for contamination (i.e., screen for 
the presence of a mixture of different types of cells in a culture). 

C. Predictive Medicine 

The present invention also pertains to the field of predictive medicine in which 
35 diagnostic assays, prognostic assays, pharmacogenomics, and monitoring clinical trials 
are used for prognostic (predictive) purposes to thereby treat an individual 
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prophylactically. Accordingly, one aspect of the present invention relates to diagnostic 
assays for determining CARD-9, CARD- 10, or CARD-1 1 protein and/or nucleic acid 
expression as well as CARD-9, CARD- 10, or CARD- 11 activity, in the context of a 
biological sample (e.g., blood, serum, cells, tissue) to thereby determine whether an 
5 individual is afflicted with a disease or disorder, or is at risk of developing a disorder, 
associated with aberrant CARD-9, CARD- 10, or CARD-1 1 expression or activity. The 
invention also provides for prognostic (or predictive) assays for determining whether an 
individual is at risk of developing a disorder associated with CARD-9, CARD-1 0, or 
CARD-1 1 protein, nucleic acid expression or activity. For example, mutations in a 

10 CARD-9, CARD-10, or CARD-11 gene can be assayed in a biological sample. Such 
assays can be used for prognostic or predictive purpose to thereby prophylactically treat 
an individual prior to the onset of a disorder characterized by or associated with CARD- 
9, CARD-10, or CARD-11 protein, nucleic acid expression or activity. 

Another aspect of the invention provides methods for determining CARD-9, 

15 CARD-10, or CARD-1 1 protein, nucleic acid expression or CARD-9, CARD-10, or 
CARD-1 1 activity in an individual to thereby select appropriate therapeutic or 
prophylactic agents for that individual (referred to herein as "pharmacogenomics"). 
Pharmacogenomics allows for the selection of agents (e.g., drugs) for therapeutic or 
prophylactic treatment of an individual based on the genotype of the individual (e.g., the 

20 genotype of the individual examined to determine the ability of the individual to respond. . 
to a particular agent.) 

Yet another aspect of the invention pertains to monitoring the influence of agents 

(e.g^drugs or other c om pounds ) on the e xpression or activity of CARD-9, CARD-10, or 

CARD-11 in clinical trials. 

25 These and other agents are described in further detail in the following sections. 

1. Diagnostic Assays 

An exemplary method for detecting the presence or-absence of CARD-9, CARD- 
10, or CARD-1 1 in a biological sample involves obtaining a biological sample from a test 
subject and contacting the biological.sample.with a compound or an agent capable of 

30 detecting CARD-9, CARD-10, or CARD-1 1 protein or nucleic acid (e.g., mRNA, 
genomic DNA) that encodes CARD-9, CARD-10, or CARD-1 1 protein such that the 
presence of CARD-9, CARD-10, or CARD-1 1 is detected in the biological sample. An 
agent for detecting CARD-9, CARD-10, or CARD-1 1 mRNA or genomic DNA is a 
labeled nucleic acid probe capable of hybridizing to CARD-9, CARD-10, or CARD-1 1 

35 mRNA or genomic DNA. The nucleic acid probe can be, for example, a full-length 
CARD-9, CARD-10, or CARD-1 1 nucleic acid, such as the nucleic acid of SEQ ID 
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NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID N0:9, SEQ 
ID NO: 10, SEQ ID NO: 12, or a portion thereof, such as an oligonucleotide of at least 15, 
30, 50, 100, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 800, 900, 1000, 1200, 
1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400, 3600, 3800, 4000, 
5 4200, or 4250 nucleotides in length and sufficient to specifically hybridize under 
stringent conditions to mRNA or genomic DNA. Other suitable probes for use in the 
diagnostic assays of the invention are described herein. 

An agent for detecting CARD-9, CARD- 10, or CARD- 1 1 protein can be an 
antibody capable of binding to CARD-9, CARD- 10, or CARD-1 1 protein, preferably an 

10 antibody with a detectable label. Antibodies can be polyclonal, or more preferably, 

monoclonal. An intact antibody, or a fragment thereof (e.g., Fab or F(ab')2) can be used. 
The term "labeled", with regard to the probe or antibody, is intended to encompass direct 
labeling of the probe or antibody by coupling (i.e., physically linking) a detectable 
substance to the probe or antibody, as well as indirect labeling of the probe or antibody 

15 by reactivity with another reagent that is directly labeled. Examples of indirect labeling 
include detection of a primary antibody using a fluorescently labeled secondary antibody 
and end-labeling of a DNA probe with biotin such that it can be detected with 
fluorescently labeled streptavidin. The term "biological sample" is intended to include 
tissues, cells and biological fluids isolated from a subject, as well as tissues, cells and 

20 fluids present within a subject. That is, the detection method of the invention can be used 
to detect CARD-9, CARD- 10, or CARD- 11 mRNA, protein, or genomic DNA in a 
biological sample in vitro as well as in vivo. For example, in vitro techniques for 
detection of CARD-9, CARD-10, or CARD-1 1 mRNA include Northern hybridizations 
and in situ hybridizations. In vitro techniques for detection of CARD-9, CARD-10, or 

25 CARD-1 1 protein include enzyme linked immunosorbent assays (ELISAs), Western 
blots, immunoprecipitations and immunofluorescence. In vitro techniques for detection 
of CARD-9, CARD-10, or CARD-1 1 genomic DNA include Southern hybridizations. 
Furthermore, in vivo techniques for detection of CARD-9, CARD-10, or CARD- 11 
protein include introducing-into a-subject a labeled anti-CARD-9, CARD-10, or CARD- 

30 11 antibody. For example, the antibody can be labeled with a radioactive marker whose 
presence and location in a subject can be detected by standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from the 
test subject. Alternatively, the biological sample can contain mRNA molecules from the 
test subject or genomic DNA molecules from the test subject. A biological sample is a 

35 peripheral blood leukocyte sample isolated by conventional means from a subject. 
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In another embodiment, the methods further involve obtaining a control biological 
sample from a control subject, contacting the control sample with a compound or agent 
capable of detecting CARD-9, CARD-10, or CARD-1 1 protein, mRNA, or genomic 
DNA, such that the presence of CARD-9, CARD-10, or CARD-1 1 protein, mRNA or 
5 genomic DNA is detected in the biological sample, and comparing the presence of 
CARD-9, CARD-10, or CARD-1 1 protein, mRNA or genomic DNA in the control 
sample with the presence of CARD-9, CARD-10, or CARD-1 1 protein, mRNA or 
genomic DNA in the test sample. 

The invention also encompasses kits for detecting the presence of CARD-9, 
10 CARD-10, or CARD-1 1 in a biological sample (a test sample). Such kits can be used to 
determine if a subject is suffering from or is at increased risk of developing a disorder 
associated with aberrant expression of CARD-9, CARD-10, or CARD-1 1 (e.g., an 
immunological disorder). For example, the kit can comprise a labeled compound or 
agent capable of detecting CARD-9, CARD-10, or CARD-1 1 protein or mRNA in a 
15 biological sample and means for determining the amount of CARD-9, CARD-10, or 
CARD-1 1 in the sample (e.g., an anti-CARD-9, CARD-10, or CARD-1 1 antibody or an 
oligonucleotide probe which binds to DNA encoding CARD-9, CARD-10, or CARD-1 1 , 
e.g., SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
NO:9, SEQ ID NO: 10, SEQ ID NO:12). Kits may also include instruction for observing 
20 that the tested subject is suffering from or is at risk of developing a disorder associated 
with aberrant expression of CARD-9, CARD-10, or CARD-1 1 if the amount of CARD-9, 
CARD-10, or CARD-1 1 protein or mRNA is above or below a normal level. 

For antibody-based kits, the kitjnay comprise, for example: (1) a first antibody 
(e.g., attached to a solid support) which binds to CARD-9, CARD-10, or CARD-1 1 
25 protein; and, optionally, (2) a second, different antibody which binds to CARD-9, 

CARD-10, or CARD-1 1 protein or the first antibody and is conjugated to a detectable 
agent. For oligonucleotide-based kits, the kit may comprise, for example: (1) a 
oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a CARD- 
— 9, CARD-10, or CARD-1 1 nucleic acid-sequence or (2)-apair of primers useful for 
30 amplifying a CARD-9, CARD-1 0, or CARD-1 1 nucleic acid molecule. 

The kit may also comprise, e.g., a buffering agent, a preservative, or a protein 
stabilizing agent. The kit may also comprise components necessary for detecting the 
detectable agent (e.g., an enzyme or a substrate). The kit may also contain a control 
sample or a series of control samples which can be assayed and compared to the test 
35 sample contained. Each component of the kit is usually enclosed within an individual 
container and all of the various containers are within a single package along with 
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instructions for observing whether the tested subject is suffering from or is at risk of 
developing a disorder associated with aberrant expression of CARD-9, CARD- 10, or 
CARD-11. 

2. Prognostic Assays 
5 The methods described herein can furthermore be utilized as diagnostic or 

prognostic assays to identify subjects having or at risk of developing a disease or disorder 
associated with aberrant CARD-9, CARD-10, or CARD-1 1 expression or activity. For 
example, the assays described herein, such as the preceding diagnostic assays or the 
following assays, can be utilized to identify a subject having or at risk of developing a 

10 disorder associated with CARD-9, CARD-10, or CARD-1 1 protein, nucleic acid 

expression or activity. Alternatively, the prognostic assays can be utilized to identify a 
subject having or at risk for developing such a disease or disorder. Thus, the present 
invention provides a method in which a test sample is obtained from a subject and 
CARD-9, CARD-10, or CARD-11 protein or nucleic acid (e.g., mRNA, genomic DNA) 

15 is detected, wherein the presence of CARD-9, CARD-10, or CARD-1 1 protein or nucleic 
acid is diagnostic for a subject having or at risk of developing a disease or disorder 
associated with aberrant CARD-9, CARD-10, or CARD-1 1 expression or activity. As 
used herein, a "test sample" refers to a biological sample obtained from a subject of 
interest. For example, a test sample can be a biological fluid (e.g., serum), cell sample, or 

20 tissue. Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent (e.g., an agonist, antagonist, 
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate) 
to treat a disease or disorder associated with aberrant CARD-9, CARD-10, or CARD-1 1 
expression or activity. For example, such methods can be used to determine whether a 

25 subject can be effectively treated with a specific agent or class of agents (e.g., agents of a 
type which decrease CARD-9, CARD-10, or CARD-1 1 activity). Thus, the present 
invention provides methods.for.determining whether a_subject.can.be effectively treated 
with an agent for a disorder associated with aberrant CARD-9, CARD-10, or CARD-1 1 
expression or activity in which a test sample is obtained and CARD-9, CARD-1 0, or 

30 CARD-1 1 protein or nucleic acid is detected (e.g., wherein the presence of CARD-9, 
CARD-10, or CARD-1 1 protein or nucleic acid is diagnostic for a subject that can be 
administered the agent to treat a disorder associated with aberrant CARD-9, CARD-10, 
or CARD-1 1 expression or activity). 

The methods of the invention can also be used to detect genetic lesions or 

35 mutations in a CARD-9, CARD-10, or CARD-1 1 gene, thereby determining if a subject 
with the lesioned gene is at risk for a disorder characterized by aberrant cell proliferation 
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and/or differentiation. In preferred embodiments, the methods include detecting, in a 
sample of cells from the subject, the presence or absence of a genetic lesion characterized 
by at least one of an alteration affecting the integrity of a gene encoding a CARD-9, 
CARD- 10, or CARD- 1 1 -protein, or the mis-expression of the CARD-9, CARD- 10, or 

5 CARD-1 1 gene. For example, such genetic lesions can be detected by ascertaining the 
existence of at least one of 1) a deletion of one or more nucleotides from a CARD-9, 
CARD- 10, or CARD-1 1 gene; 2) an addition of one or more nucleotides to a CARD-9, 
CARD- 10, or CARD-1 1 gene; 3) a substitution of one or more nucleotides of a CARD-9, 
CARD- 10, or CARD-1 1 gene; 4) a chromosomal rearrangement of a CARD-9, CARD- 

10 10, or CARD-1 1 gene; 5) an alteration in the level of a messenger RNA transcript of a 
CARD-9, CARD- 10, or CARD-1 1 gene; 6) aberrant modification of a CARD-9, CARD- 
10, or CARD-1 i gene, such as of the methylation pattern of the genomic DNA; 7) the 
presence of a non-wild type splicing pattern of a messenger RNA transcript of a CARD- 
9, CARD-10, or CARD-1 1 gene (e.g., caused by a mutation in a splice donor or splice 

15 acceptor site); 8) a non-wild type level of a CARD-9, CARD-10, or CARD-1 1-protein; 9) 
allelic loss of a CARD-9, CARD-10, or CARD-1 1 gene; and 10) inappropriate 
post-translational modification of a CARD-9, CARD-10, or CARD-1 1-protein. As 
described herein, there are a large number of assay techniques known in the art which can 
be used for detecting lesions in a CARD-9, CARD-10, or CARD-1 1 gene. A biological 

20 sample is a peripheral blood leukocyte sample isolated by conventional means from a 
subject. 

In certain embodiments, detection of the lesion involves the use of a probe/primer 
in a polymerase chain reaction (PCR)_(see, e.g., U.S. Patent Nos. 4,683,195 and 
4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a ligation chain 

25 reaction (LCR) (see,_e.g., Landegranet al. (1988) Science 241:1077-1080; andNakazawa 
et al. (1994) Proc. Natl. Acad. Sci. USA 91 :360-364), the latter of which can be 
particularly useful for detecting point mutations -in the CARD-9, CARD-10, or CARD-1 1 
. gene (see, e.g., Abravaya et al. (1995) Nucleic Acids Res. 23:675-682). This method can 
include the steps of collecting a sample of cells from a patient, isolating nucleic acid 

30 (e.g., genomic, mRNA or both) from the cells of the sample, contacting the nucleic acid 
sample with one or more primers which specifically hybridize to a CARD-9, CARD-10, 
or CARD-1 1 gene under conditions such that hybridization and amplification of the 
CARD-9, CARD-10, or CARD-1 1-gene (if present) occurs, and detecting the presence or 
absence of an amplification product, or detecting the size of the amplification product and 

35 comparing the length to a control sample. It is anticipated that PCR and/or LCR may be 
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desirable to use as a preliminary amplification step in conjunction with any of the 
techniques used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication 
(Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional 

5 amplification system (Kwoh, et al. (1989) Proc. Natl. Acad. Sci. USA 86:1 173-1 177), 
Q-Beta Replicase (Lizardi et al. (1988) Bio/Technology 6:1 197), or any other nucleic 
acid amplification method, followed by the detection of the amplified molecules using 
techniques well known to those of skill in the art. These detection schemes are especially 
useful for the detection of nucleic acid molecules if such molecules are present in very 

10 low numbers. 

In an alternative embodiment, mutations in a CARD-9, CARD- 10, or CARD- 11 
gene from a sample cell can be identified by alterations in restriction enzyme cleavage 
patterns. For example, sample and control DNA is isolated, amplified (optionally), 
digested with one or more restriction endonucleases, and fragment length sizes are 
15 determined by gel electrophoresis and compared. Differences in fragment length sizes 
between sample and control DNA indicates mutations in the sample DNA. Moreover, 
the use of sequence specific ribozymes (see, e.g., U.S. Patent No. 5,498,531) can be used 
to score for the presence of specific mutations by development or loss of a ribozyme 
cleavage site. 

20 In other embodiments, genetic mutations in CARD-9, CARD-10, or CARD-1 1 

can be identified by hybridizing a sample and control nucleic acids, e.g., DNA or RNA, 
to high density arrays containing hundreds or thousands of oligonucleotides probes 
(Crohin et al (1996) Human Mutation 7:244-255; Kozal et al. (1996) Nature Medicine 
2:753-759). For example, genetic mutations in CARD-9, CARD-10, or CARD-1 1 can be 

25 identified in two-dimensional arrays containing light-generated DNA probes as described 
in Cronin et al. supra. Briefly, a first hybridization array of probes can be used to scan 
through long stretches of DNAin-a-sample and control to identify base changes between 
the sequences by making linear arrays of sequential overlapping probes. This step allows 
the identification of point mutations. This step is followed by a second hybridization 

30 array that allows the characterization of specific mutations by using smaller, specialized 
probe arrays complementary to all variants or mutations detected. Each mutation array is 
composed of parallel probe sets, one complementary to the wild-type gene and the other 
complementary to the mutant gene. 

in yet another embodiment, any of a variety of sequencing reactions known in the 

35 art can be used to directly sequence the CARD-9, CARD-10, or CARD-1 1 gene and 
detect mutations by comparing the sequence of the sample CARD-9, CARD-10, or 
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CARD- 1 1 with the corresponding wild-type (control) sequence. Examples of sequencing 
reactions include those based on techniques developed by Maxam and Gilbert ((1977) 
Proc. Natl. Acad. Sci. USA 74:560) or Sanger ((1977) Proc. Natl. Acad. Sci. USA 
74:5463). It is also contemplated that any of a variety of automated sequencing 
5 procedures can be utilized when performing the diagnostic assays ((1995) 

Bio/Techniques 19:448), including sequencing by mass spectrometry (see, e.g., PCT 
Publication No. WO 94/16101; Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and 
Griffin et al. (1993) Appl. Biochem. Biotechnol. 38:147-159). 

Other methods for detecting mutations in the CARD-9, CARD-10, or CARD-1 1 

1 0 gene include methods in which protection from cleavage agents is used to detect 
mismatched bases in RNA/RNA or RNA/DNA heteroduplexes (Myers et al. (1985) 
Science 230:1242). In general, the art technique of "mismatch cleavage" starts by 
providing heteroduplexes of formed by hybridizing (labeled) RNA or DNA containing 
the wild-type CARD-9, CARD-10, or CARD-1 1 sequence with potentially mutant RNA 

1 5 or DNA obtained from a tissue sample. The double-stranded duplexes are treated with an 
agent which cleaves single-stranded regions of the duplex such as which will exist due to 
basepair mismatches between the control and sample strands. For instance, RNA/DNA 
duplexes can be treated with RNase and DNA/DNA hybrids treated with S 1 nuclease to 
enzymatically digesting the mismatched regions. In other embodiments, either 

20 DNA/DNA or RNA/DNA duplexes can be treated with hydroxylamine or osmium 

tetroxide and with piperidine in order to digest mismatched regions. After digestion of 
the mismatched regions, the resulting material is then separated by size on denaturing 
. .polyacrylamide gels to determine the site of mutation. See, e.g., Cotton et al (1988) Proc. 
Natl Acad Sci USA 85:4397; Saleeba et al (1992) Methods Enzymol. 217:286-295. In an 

25 —embodiment, the control DNA or RNA can be labeled for detection. 

In still another embodiment, the mismatch cleavage reaction employs one or more 
proteins that recognize mismatched base pairs in double-stranded DNA (so called "DNA 
mismatch repair" enzymes) in defined systems for detecting and mapping point mutations 
in CARD-9, CARD-10, or CARD-1 1 cDNAs obtained from samples of cells. For 

30 example, the mutY enzyme of E. coli cleaves A at G/A mismatches and the thymidine 
DNA glycosylase from HeLa cells cleaves T at G/T mismatches (Hsu et al. (1994) 
Carcinogenesis 15:1657-1662). According to an exemplary embodiment, a probe based 
on a CARD-9, CARD-10, or CARD-1 1 sequence, e.g., a wild-type CARD-9, CARD-10, 
or CARD-1 1 sequence, is hybridized to a cDNA or other DNA product from a test 

35 cell(s). The duplex is treated with a DNA mismatch repair enzyme, and the cleavage 
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products, if any, can be detected from electrophoresis protocols or the like. See, e.g., 
U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
identify mutations in CARD-9, CARD- 10, or CARD- 1 1 genes. For example, single 
5 strand conformation polymorphism (SSCP) may be used to detect differences in 

electrophoretic mobility between mutant and wild type nucleic acids (Orita et al. (1989) 
Proc Natl. Acad. Sci USA: 86:2766, see also Cotton (1993) Mutat. Res. 285:125-144; and 
Hayashi (1992) Genet Anal Tech Appl 9:73-79). Single-stranded DNA fragments of 
sample and control CARD-9, CARD-10, or CARD-1 1 nucleic acids will be denatured 

10 and allowed to renature. The secondary structure of single-stranded nucleic acids varies 
according to sequence, the resulting alteration in electrophoretic mobility enables the 
detection of even a single base change. The DNA fragments may be labeled or detected 
with labeled probes. The sensitivity of the assay may be enhanced by using RNA (rather 
than DNA), in which the secondary structure is more sensitive to a change in sequence. 

15 In an embodiment, the subject method utilizes heteroduplex analysis to separate double 
stranded heteroduplex molecules on the basis of changes in electrophoretic mobility 
(Keen et al. (1991) Trends Genet 7:5). 

In yet another embodiment, the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 

20 gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature 313:495). When DGGE 
is used as the method of analysis, DNA will be modified to insure that it does not 
completely denature, for example by adding a GC clamp of approximately 40 bp of 
high-melting GC-ri ch DNA b y PCR . In a further embodiment a temperature.gradient is 
used in place of a denaturing gradient to identify differences in the mobility of control 

25 and sample DNA (Rosenbaum and Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point mutations include, but are not 
limited- to, selective oligonucleotide-hybridization, selective amplification,- or selective 
primer extension. For example, oligonucleotide primers may be prepared in which the 
known mutation is placed centrally and then hybridized to target DNA under conditions 

30 which permit hybridization only if a perfect match is found (Saiki et al. (1986) Nature 
324:163); Saiki et al. (1989) Proc. Natl Acad. Sci USA 86:6230). Such allele specific 
oligonucleotides are hybridized to PCR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

35 Alternatively, allele specific amplification technology which depends on selective 

PCR amplification may be used in conjunction with the instant invention. 
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Oligonucleotides used as primers for specific amplification may carry the mutation of 
interest in the center of the molecule (so that amplification depends on differential 
hybridization) (Gibbs et al. (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3' 
end of one primer where, under appropriate conditions, mismatch can prevent, or reduce 
5 polymerase extension (Prossner (1993) Tibtech 1 1 :238). In addition, it may be desirable 
to introduce a novel restriction site in the region of the mutation to create cleavage-based 
detection (Gasparini et al. (1992) Mol. Cell Probes 6:1). It is anticipated that in certain 
embodiments amplification may also be performed using Taq ligase for amplification 
(Barany (1991) Proc. Natl. Acad. Sci USA 88:189). In such cases, ligation will occur 
10 only if there is a perfect match at the 3' end of the 5* sequence making it possible to detect 
the presence of a known mutation at a specific site by looking for the presence or absence 
of amplification. 

The methods described herein may be performed, for example, by utilizing 
pre-packaged diagnostic kits comprising at least one probe nucleic acid or antibody 
1 5 reagent described herein, which may be conveniently used, e.g., in clinical settings to 
diagnose patients exhibiting symptoms or family history of a disease or illness involving 
a CARD-9, CARD-10, or CARD-1 1 gene. 

Furthermore, any cell type or tissue, preferably peripheral blood leukocytes, in 
which CARD-9, CARD-10, or CARD-1 1 is expressed may be utilized in the prognostic 
20 assays described herein. 

3. Pharmacogenomics 

Agents, or modulators which have a stimulatory or inhibitory effect on CARD-9, 
CARD-10, or C ARD- 1 1 activit y (e.g., CARD-9, CARD-10, or CARD-1 1 gene 
expression) as identified by a screening assay described herein can be administered to 

25 individuals to treat (prophylactically or therapeutically) disorders (e.g., an immunological 
disorder) associated with aberrant CARD-9, CARD-10, or CARD-1 1 activity. In 
..conjunction-with such treatment, the-phannacogenomics (i.e., the-study of the 
relationship between an individual's genotype and that individual's response to a foreign 
compound or drug) of the individual may.be considered. Differences in metabolism of 

30 therapeutics can lead to severe toxicity or therapeutic failure by altering the relation 
between dose and blood concentration of the pharmacologically active drug. Thus, the 
pharmacogenomics of the individual permits the selection of effective agents (e.g., drugs) 
for prophylactic or therapeutic treatments based on a consideration of the individual's 
genotype. Such pharmacogenomics can further be used to determine appropriate dosages 

35 and therapeutic regimens. Accordingly, the activity of CARD-9, CARD-1 0, or CARD- 
1 1 protein, expression of CARD-9, CARD-10, or CARD-1 1 nucleic acid, or mutation 
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content of CARD-9, CARD- 10, or CARD-1 1 genes in an individual can be determined to 
thereby select appropriate agent(s) for therapeutic or prophylactic treatment of the 
individual. 

Pharmacogenomics deals with clinically significant hereditary variations in the 
5 response to drugs due to altered drug disposition and abnormal action in affected persons. 
See, e.g., Linder (1997) Clin. Chem. 43(2):254-266. In general, two types of 
pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a 
single factor altering the way drugs act on the body (altered drug action) or genetic 
conditions transmitted as single factors altering the way the body acts on drugs (altered 

10 drug metabolism). These pharmacogenetic conditions can occur either as rare defects or 
as polymorphisms. For example, glucose-6-phosphate dehydrogenase deficiency (G6PD) 
is a common inherited enzymopathy in which the main clinical complication is 
haemolysis after ingestion of oxidant drugs (anti-malarials, sulfonamides, analgesics, 
nitrofurans) and consumption of fava beans. 

15 As an illustrative embodiment, the activity of drug metabolizing enzymes is a 

major determinant of both the intensity and duration of drug action. The discovery of 
genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 
2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation 
as to why some patients do not obtain the expected drug effects or show exaggerated drug 

20 response and serious toxicity after taking the standard and safe dose of a drug. These 
polymorphisms are expressed in two phenotypes in the population, the extensive 
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
....different populations. For example, the gene coding for CYP2D6 is highly polymorphic 
and several mutations have been identified in PM, which all lead to the absence of 

25 functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C 1 9 quite frequently 

experience exaggerated drug response and side effects when they receive standard doses. 
If a metabolite is the active therapeutic moiety, PM exhibit no therapeutic response, as 
" demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed 
-metabolite morphine. The other extreme are the so-called ultra-rapid metabolizers who 

30 do not respond to standard doses. Recently, the molecular basis of ultra-rapid 
metabolism has been identified to be due to CYP2D6 gene amplification. 

Thus, the activity of CARD-9, CARD- 10, or CARD-1 1 protein, expression of 
CARD-9, CARD-10, or CARD-1 1 nucleic acid, or mutation content of CARD-9, CARD- 
10, or CARD-1 1 genes in an individual can be determined to thereby select appropriate 

35 agent(s) for therapeutic or prophylactic treatment of the individual. In addition, 
pharmacogenetic studies can be used to apply genotyping of polymorphic alleles 
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encoding drug-metabolizing enzymes to the identification of an individual's drug 
responsiveness phenotype. This knowledge, when applied to dosing or drug selection, 
can avoid adverse reactions or therapeutic failure and thus enhance therapeutic or 
prophylactic efficiency when treating a subject with a CARD-9, CARD-10, or CARD-1 1 
5 modulator, such as a modulator identified by one of the exemplary screening assays 
described herein. 

4. Monitoring of Effects During Clinical Trials 

Monitoring the influence of agents (e.g., drugs, compounds) on the expression or 
activity of CARD-9, CARD-10, or CARD-1 1 (e.g., the ability to modulate aberrant cell 

10 proliferation and/or differentiation) can be applied not only in basic drug screening, but 
also in clinical trials. For example, the effectiveness of an agent determined by a 
screening assay as described herein to increase CARD-9, CARD-10, or CARD-1 1 gene 
expression, protein levels, or upregulate CARD-9, CARD-10, or CARD-1 1 activity, can 
be monitored in clinical trails of subjects exhibiting decreased CARD-9, CARD-10, or 

15 CARD-1 1 gene expression, protein levels, or downregulated CARD-9, CARD-10, or 
CARD-1 1 activity. Alternatively, the effectiveness of an agent determined by a 
screening assay to decrease CARD-9, CARD-10, or CARD-1 1 gene expression, protein 
levels, or downregulated CARD-9, CARD-10, or CARD-1 1 activity, can be monitored in 
clinical trials of subjects exhibiting increased CARD-9, CARD-10, or CARD-1 1 gene 

20 expression, protein levels, or upregulated CARD-9, CARD-10, or CARD-1 1 activity. In 
such clinical trials, the expression or activity of CARD-9, CARD-10, or CARD-1 1 and, 
preferably, other genes that have been implicated in, for example, a cellular proliferation 
disorder can be used as a "read out" or markers of the immune responsiveness of a 
particular cell. 

25 For example, and not by way of limitation, genes, including CARD-9, CARD-10, 

or CARD-1 1, that are modulated in cells by treatment with an agent (e.g., compound, 
-drug or-smallmolecule)-which-modulates-CARD-9, CARD-10,-or CARD-1 1 activity 
(e.g., identified in a screening assay as described herein) can be identified. Thus, to study 
the effect of agents on cellular proliferation disorders, for example, in a clinical trial, cells 

30 can be isolated and RNA prepared and analyzed for the levels of expression of CARD-9, 
CARD-10, or CARD-1 1 and other genes implicated in the disorder. The levels of gene 
expression (i.e., a gene expression pattern) can be quantified by Northern blot analysis or 
RT-PCR, as described herein, or alternatively by measuring the amount of protein 
produced, by one of the methods as described herein, or by measuring the levels of 

35 activity of CARD-9, CARD-10, or CARD-1 1 or other genes. In this way, the gene 

expression pattern can serve as a marker, indicative of the physiological response of the 
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cells to the agent. Accordingly, this response state may be determined before, and at 
various points during, treatment of the individual with the agent. 

In an embodiment, the present invention provides a method for monitoring the 
effectiveness of treatment of a subject with an agent (e.g., an agonist, antagonist, 
5 peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate 
identified by the screening assays described herein) comprising the steps of (i) obtaining 
a pre-administration sample from a subject prior to administration of the agent; (ii) 
detecting the level of expression of a CARD-9, CARD-10, or CARD-1 1 protein, mRNA, 
or genomic DNA in the preadministration sample; (iii) obtaining one or more 

10 post-administration samples from the subject; (iv) detecting the level of expression or 
activity of the CARD-9, CARD-10, or CARD-1 1 protein, mRNA, or genomic DNA in 
the post-administration samples; (v) comparing the level of expression or activity of the 
CARD-9, CARD-10, or CARD-1 1 protein, mRNA, or genomic DNA in the 
pre-administration sample with the CARD-9, CARD-10, or CARD-1 1 protein, mRNA, or 

15 genomic DNA in the post administration sample or samples; and (vi) altering the 
administration of the agent to the subject accordingly. For example, increased 
administration of the agent may be desirable to increase the expression or activity of 
CARD-9, CARD-10, or CARD-1 1 to higher levels than detected, i.e., to increase the 
effectiveness of the agent. Alternatively, decreased administration of the agent may be 

20 desirable to decrease expression or activity of CARD-9, CARD-10, or CARD-1 1 to lower 
levels than detected, i.e., to decrease the effectiveness of the agent. 
5. Transcriptional Profiling 

TheJCARD-9, CARD-10, or_CARD-l 1 nucleic acid molecules described herein, 

including small oligonucleotides, can be used in transcriptionally profiling. For example, 

25 . these nucleic acids can be used to examine the expression of CARD-9, CARD-10, or 
CARD-1 1 in normal tissue or cells and in tissue or cells subject to a disease state, e.g., 
tissue or cells derived from a patient having a disease of interest or cultured cells which 
model or reflect a disease state of interest, e.g., cells of a cultured tumor cell line. By 
measuring expression of CARD-9, CARD-10, or CARD-1 1, together or individually, a 

30 profile of expression in normal and disease states can be developed. This profile can be 
used diagnostically and to examine the effectiveness of a therapeutic regime. 

C. Methods of Treatment 

The present invention provides for both prophylactic and therapeutic methods of 
35 treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
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with aberrant CARD-9, CARD-10, or CARD-1 1 expression or activity, examples of 
which are provided herein. 

1. Prophylactic Methods 

In one aspect, the invention provides a method for preventing in a subject, a 
5 disease or condition associated with an aberrant CARD-9, CARD-10, or CARD-1 1 

expression or activity, by administering to the subject an agent which modulates CARD- 
9, CARD-10, or CARD-1 1 expression or at least one CARD-9, CARD-10, or CARD-1 1 
activity. Subjects at risk for a disease which is caused or contributed to by aberrant 
CARD-9, CARD-10, or CARD-1 1 expression or activity can be identified by, for 

10 example, any or a combination of diagnostic or prognostic assays as described herein. 
Administration of a prophylactic agent can occur prior to the manifestation of symptoms 
characteristic of the CARD-9, CARD-10, or CARD-1 1 aberrancy, such that a disease or 
disorder is prevented or, alternatively, delayed in its progression. Depending on the type 
of CARD-9, CARD-10, or CARD-1 1 aberrancy, for example, a CARD-9, CARD-10, or 

15 CARD-1 1 agonist or CARD-9, CARD-10, or CARD-1 1 antagonist agent can be used for 
treating the subject The appropriate agent can be determined based on screening assays 
described herein. 

2. Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating CARD-9, 

20 CARD-10, or CARD-1 1 expression or activity for therapeutic purposes. The modulatory 
method of the invention involves contacting a cell with an agent that modulates one or 
more of the activities of CARD-9, CARD-10, or CARD-1 1 protein activity associated 
with the cell. An agent that modulates CARD-9, CARD-10, or CARD-1 1 protein activity 
can be an agent as described herein, such as a nucleic acid or a protein, a 

25 naturally-occurring cognate ligand of a CARD-9, CARD-10, or CARD-1 1 protein, a 
peptide, a CARD-9, CARD-10, or CARD-1 1 peptidomimetic, or other small molecule. 
In one embodiment, the agent stimulates one or more of the biological activities of 
CARD-9, CARD-10, or CARD-1 1 protein. Examples of such stimulatory agents include 
active . CARD-9, CARD-1 0,. or JCAREL1 Lprotein and a nucleic acid molecule encoding 

30 CARD-9, CARD-10, or CARD-1 1 that has been introduced into the cell. In another 
embodiment, the agent inhibits one or more of the biological activities of CARD-9, 
CARD-10, or CARD-1 1 protein. Examples of such inhibitory agents include antisense 
CARD-9, CARD-10, or CARD-1 1 nucleic acid molecules and anti-CARD-9, CARD-10, 
or CARD-1 1 antibodies. These modulatory methods can be performed in vitro (e.g., by 

35 culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject). As such, the present invention provides methods of treating an 



110 



WO 01/40468 



PCT/US00/32716 



individual afflicted with a disease or disorder characterized by aberrant expression or 
activity of a CARD-9, CARD-10, or CARD-1 1 protein or nucleic acid molecule or a 
disorder related to CARD-9, CARD-10, or CARD-1 1 expression or activity. In one 
embodiment, the method involves administering an agent (e.g., an agent identified by a 
5 screening assay described herein), or combination of agents that modulates (e.g., 

upregulates or downregulates) CARD-9, CARD-10, or CARD-1 1 expression or activity. 
In another embodiment, the method involves administering a CARD-9, CARD-10, or 
CARD-1 1 protein or nucleic acid molecule as therapy to compensate for reduced or 
aberrant CARD-9, CARD-10, or CARD-1 1 expression or activity. Stimulation of 

10 CARD-9, CARD-10, or CARD-1 1 activity is desirable in situations in which CARD-9, 
CARD-10, or CARD-1 1 is abnormally downregulated and/or in which increased CARD- 
9, CARD-10, or CARD-1 1 activity is likely to have a beneficial effect. Conversely, 
inhibition of CARD-9, CARD-10, or CARD- 11 activity is desirable in situations in which 
CARD-9, CARD-10, or CARD-1 1 is abnormally upregulated, e.g., in myocardial 

15 infarction, and/or in which decreased CARD-9, CARD-10, or CARD-1 1 activity is likely 
to have a beneficial effect. 

The contents of all references, patents and published patent applications cited 
throughout this application are hereby incorporated by reference. 

20 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine_exp.e;rimentatiQn,.many equivalents tojhejsp^^ invention 
described herein. Such equivalents are intended to be encompassed by the following 
25 ..claims.. 

What is claimed is: 
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1 1 . An isolated nucleic acid molecule selected from the group consisting of: 

2 a) a nucleic acid molecule comprising a nucleotide sequence which is at least 

3 55% identical to the nucleotide sequence ofSEQ ID NO:l, 3, 4, 6, 7, 9, 10, 12ora 

4 complement thereof; 

5 b) a nucleic acid molecule comprising a fragment of at least 300 nucleotides of 

6 the nucleotide sequence ofSEQ ID NO: 1,3, 4, 6, 7, 9, 10, 12 or a complement thereof; 

7 c) a nucleic acid molecule which encodes a polypeptide comprising the amino 

8 acid sequence of SEQ ID NO:2, 5, 8, or 1 1 ; 

9 d) a nucleic acid molecule which encodes a fragment of a polypeptide comprising 

10 the amino acid sequence of SEQ ID NO:2, 5, 8, or 1 1, wherein the fragment comprises at 

1 1 least 1 5 contiguous amino acids of SEQ ID NO:2, 5, 8, or 1 1 ; and 

12 e) a nucleic acid molecule which encodes a naturally occurring allelic variant of a 

1 3 polypeptide comprising the amino acid sequence of SEQ ID NO:2, 5, 8, or 1 1 , wherein 

14 the nucleic acid molecule hybridizes to a nucleic acid molecule comprising SEQ ID 

15 NO:l , 3,4, 6, 7, 9, 10, 12 or a complement thereof under stringent conditions. 

1 2. The isolated nucleic acid molecule of claim 1, which is selected from the 

2 group consisting of: 

3 a) a nucleic acid comprising the nucleotide sequence of SEQ ID NO:l, 3, 4, 6, 7, 

4 9, 10, 12, or a complement thereof; and 

5 b) a nucleic acid molecule which encodes a polypeptide comprising the amino 

6 acid sequence of SEQ ID NO:2, 5, 8, or 11. 

1 3. ~ The nucleic'acid molecule of claim Tfurther comprising vector nucleic 

2 acid sequences. 

1 4. The nucleic acid molecule of claim 1 further comprising nucleic acid 

2 sequences encoding a heterologous polypeptide. 

1 5. A host cell which contains the nucleic acid molecule of claim 1. 

1 . 6. The host cell of claim 5 which is a mammalian host cell. 
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1 7. A non-human mammalian host cell containing the nucleic acid molecule 

2 of claim 1. 

1 8. An isolated polypeptide selected from the group consisting of: 

2 a) a fragment of a polypeptide comprising the amino acid sequence of SEQ ID 

3 NO:2, 5, 8, or 1 1, wherein the fragment comprises at least 15 contiguous amino acids of 

4 SEQ ID 1*0:2,5,8, or 11; 

5 b) a naturally occurring allelic variant of a polypeptide comprising the amino 

6 acid sequence of SEQ ID NO:2, 5, 8, or 1 1, wherein the polypeptide is encoded by a 

7 nucleic acid molecule which hybridizes to a nucleic acid molecule comprising SEQ ID 

8 NO:l, 3, 4, 6, 7, 9, 10, 12 or a complement thereof under stringent conditions; and 

9 c) a polypeptide which is encoded by a nucleic acid molecule comprising a 

10 nucleotide sequence which is at least 65% identical to a nucleic acid consisting of the 

1 1 nucleotide sequence of SEQ ID NO:l, 3, 4, 6, 7, 9, 10, 12 or a complement thereof. 

1 9. The isolated polypeptide of claim 8 comprising the amino acid sequence 

2 ofSEQIDNO:2,5,8,orll. 

1 10. The polypeptide of claim 8 further comprising heterologous amino acid 

2 sequences. . 

1 1 1. An antibod y which selectively binds to a polypeptide of claim 8. 

1 12. A method for producing a polypeptide selected from the group consisting 

2 of: 

3 a) a polypeptide comprising the amino acid sequence of SEQ ID NO:2, 5, 8, or 

4 11; 

5 b) a polypeptide comprising a fragment of the amino acid sequence of SEQ ID 

6 NO:2, 5, 8, or 1 1, wherein the fragment comprises at least 15 contiguous amino acids of 

7 SEQ ID NO:2, 5, 8, or 11; and 

8 c) a naturally occurring allelic variant of a polypeptide comprising the amino acid 

9 sequence of SEQ ID NO:2, 5, 8, or 1 1, wherein the polypeptide is encoded by a nucleic 
10 acid molecule which hybridizes to a nucleic acid molecule comprising SEQ ID NO: 1, 3, 
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11 4, 6, 7, 9, 10, 12, or a complement thereof under stringent conditions; 

12 comprising culturing the host cell of claim 5 under conditions in which the 

1 3 nucleic acid molecule is expressed. 

1 1 3 . A method for detecting the presence of a polypeptide of claim 8 in a 

2 sample, comprising: 

3 a) contacting the sample with a compound which selectively binds to a 

4 polypeptide of claim 8; and 

5 b) determining whether the compound binds to the polypeptide in the sample. 

1 14. The method of claim 13, wherein the compound which binds to the 

2 polypeptide is an antibody. 

1 15. A kit comprising a compound which selectively binds to a polypeptide of 

2 claim 8 and instructions for use. 

1 1 6. A method for detecting the presence of a nucleic acid molecule of claim 1 

2 in a sample, comprising the steps of: 

3 a) contacting the sample with a nucleic acid probe or primer which selectively 

4 hybridizes to the nucleic acid molecule; and 

5 b) determining whether the nucleic acid probe or primer binds to a nucleic acid 

6 molecule in the sample. 

1 17. The method of claim 1 6, wherein the sample comprises mRNA molecules 

2 and is contacted with a nucleic acid probe. 

1 1 8. A kit comprising a compound which selectively hybridizes to a nucleic 

2 acid molecule of claim 1 and instructions for use. 

1 1 9. A method for identifying a compound which binds to a polypeptide of 

2 claim 8 comprising the steps of: 

3 a) contacting a polypeptide, or a cell expressing a polypeptide of claim 8 with a 

4 test compound; and 

5 b) determining whether the polypeptide binds to the test compound. 
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1 20. The method of claim 19, wherein the binding of the test compound to the 

2 polypeptide is detected by a method selected from the group consisting of: 

3 a) detection of binding by direct detecting of test compound/polypeptide binding; 

4 b) detection of binding using a competition binding assay; and 

5 c) detection of binding using an assay for CARD-9, CARD- 10, or CARD-1 1- 

6 mediated signal transduction. 

1 2 1 . A method for modulating the activity of a polypeptide of claim 8 

2 comprising contacting a polypeptide or a cell expressing a polypeptide of claim 8 with a 

3 compound which binds to the polypeptide in a sufficient concentration to modulate the 

4 activity of the polypeptide. 

1 22. A method for identifying a compound which modulates the activity of a 

2 polypeptide of claim 8, comprising: 

3 a) contacting a polypeptide of claim 8 with a test compound; and 

4 b) determining the effect of the test compound on the activity of the polypeptide 

5 to thereby identify a compound which modulates the activity of the polypeptide. 

1 23 . A method of treating a disorder associated with inappropriate apoptosis, 

2 the method comprising modulating the expression or activity of CARD-9, CARD-1 0, or 

3 CARD-11. 
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CCACGCGTCCGAGCATCTCCACACTCCCAGAGGCTCCra " 9 

TGGCTCCCACAGGACC CTCAG CCT ACAGAGGAC ATG TCA GAC TAT GAA AAT GAC GAG GAG TGC TGG 145 

SALSS?RVSCLISVtO?SRIT 31 

AGT GCC CTG GAG AGC TTC CGG GTG AAG CTA ATC TCT GTC ATT GAC CCC TCA CGA ATC ACA 205 

? •/ L R Q C X V L M ? 3 D £ 2 Q V L S 0 SI 

CCC TAT CTG CGC CAG TGC AAA GTC CTG AAC CCC GAT GAT GAC GAG CAG GTG CTC ACT GAC 265 

? NL v:rkrkvgvlldilqrt 71 

CCC AAC CTG GTC ATC CGC AAG CGG AAA GTG GGT GTG CTC CTG GAC ATC CTG CAG CGG ACA 225 

GHKG7VAFL2SLSLYYPQLY 91 

GGC CAC AAG GGC TAC GTG GCC TTT CTT GAG AGT CTG GAA CTC TAC TAC CCT CAG TTA TAC 385 

rkvtgksparvfsmiioasg 111 

AGG AAA GTC ACT GGC AAG GAG CCA GCC CGT GTC TTC TCC ATC ATC ATC GAC GCA TCA GGG 445 

SSGLTQLLMTEVMKLQKK .VQ 131 

GAG TCG GGC CTG ACG CAG CTG CTG ATG ACA GAG GTC ATG AAG CTG CAG AAG AAG GTT CAG 505 

DLTA LL5SXD0?IKSLRVK3 1S1 

GAC CTG ACG GCC CTT CTG AGC TCC AAG GAT GAC TTC ATC AAG GAG CTG AGG GTA AAG GAC S65 

SLLRXHQERVQRLKSSCELS 171 

AGC CTC CTG CGC AAG CAC CAG GAG CGG GTG CAG CGG CTC AAG GAG GAG TCT GAG CTG AGC 525 

SAELSeaCXDENYDLAMRLAH 191 

AGT GCC GAG CTG AAG CGC TGC AAG GAT GAG AAC TAC GAC CTG GCC ATG CGC CTG GCT CAC 60S 

LSESKGAALMRNRDLQLEVD 211 

CTG AGT GAA GAG AAG GGA GCA GCA CTC ATG CGG AAC CGT GAC CTG CAG CTT GAG GTG GAC 745 

QLRHSLMKASDDCKVSRKHT 231 

CAG CTC AGG CAC AGC CTC ATG AAG GCA GAG GAT GAC TGC AAG GTG GAG CGC AAA CAC ACA BOS 

LKLRKAN5QR9SQELLWDLQ 251 

CTG AAG CTC CGG CAC GCC ATG GAG CAG CGG CCT AGC CAC GAG CTG CTC TGG GAC CTG CAG 865 

QSRD^LQARVQSLSVSVQSG 271 

CAG GAG AGG GAC TTG TTG CAG GCC CGG GTG CAG GAC CTG GAG GTC TCC GTG CAG GAG GGT 925 

KLHRMS PYIQVLSBDWRQAL 291 

AAG CTA CAC AGG AAT AGC CCA TAC ATC CAG GTG CTG GAG GAG GAC TGG CGT CAG GCA CTG 985 

QEHQ EQASTI FSLRKDLRQA 311 

CAG GAA CAC CAG GAG CAG GCC AGC ACC ATC TTC TCC CTA CGA AAG GAC CTC CGC CAG GCT 1045 

2ALRTRCMBSKEMFELQCLA 331 

CAG GCC CTC CGG ACC CGG TGC ATG GAG GAA AAG CAG ATG TTC GAG CTG CAG TGC CTG GCC 1105 

L R K DAKMYKDR I EAI LQQ ME 351 

TTG CGC AAG GAT GCC AAG ATG TAC AAG GAC CGG ATC GAG GCT ATC CTG CAG CAG ATG GAG 1165 

pvSIEROQAMTSRBELHAQC 371 

GAA GTC TCC ATT GAG CGG GAC CAC GCT ATG ACC TCA AGG GAA GAG CTG CAT CCA CAG TCT 1225 

AQSFQOKDKLRKQVRELDEX 391 

GCC CAA AGC TTT CAG GAC AAA GAT AAG CTG CGA AAG CAG GTT CGA GAA CTG GAT GAG AAG 1285 

• ADB LQLQLFQTESRLLAAEG 411 

GCC GAC GAG TTG CAG CTG CAG CTG TTC CAG ACC GAC ACC CGA TTA CTG GCC GCT GAG GCC 1345 

RLKQQQLOML' ILSSDLEDSS 431 

ACA CTC AAG CAG CAG CAA TTG GAC ATG CTC ATC CTG ACC TCT GAC TTG GAA GAC AGT TCC 140S 
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CCC AGC AAC TCC CAG GAG CTT TCA CTG CCT CAG GAC CTG GAG GAG GAT GCC CAG C7C TCA 1465 

S K G V L A 2 ?. I 3 ? £ 0 ? ? V V L M S 471 

GAC AAA GCT GTC CTG GCA GAC AGG GAG AGC CCA GAG CAG CCC TTC GTG CTT CTG AAC AAG 1S25 

XHLSQTHD7 7PSSSEPPEXS 491 

AAG CAT CTT TCG CAG ACC CAT GAC ACG GTG CCC AGC AGC AGC GAG CCC CCG GAG AAG CAG 158S 

R R R L KSSFSMYRRKRA L RKM 511 

CGG CGG CGC CTC AAG GAG AGC TTC GAG AAC TAC CGC AGG AAG CGG GCG CTC CGC AAG ATG 1645 

QMSWRQGSGDHGMTTGSDMT 531 

CAG AAC AGC TGG CGA CAG GGA GAA GGG GAT CAC GGG AAT ACG ACA GGC AGC GAC AAC ACC 1705 

D T E G S S37 

GAC ACC GAG GGC TCC TAG 1723 

AGCACCACGCOGAGGCTCJVG CGTC r crG T A AI T GTGA AGGGATGCTGCGG G ITTI l ' l 1 ACTGT ACG CT ACACATACGTT 1802 

GTACAAGTATTAGAAAAAAATGCAGCCTAATAAAATGACCTCTGAGCTGAAA 1879 
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CARDt domain 1 of 1. from 7 to 98: score 4.3. £ =0.12 

. _>aeddrrilricnr:eilgeitisglLdhLieKnvLteeee£ki^aknc 



rac 



DDECWSALESFRVKLISVIDPSRITPYLRQCKVLNPDDEEQVLSDPN 53 



err. .d)careLiDsvqKJcGnqAfqiFlqaLrecdqelladli:de<-- 
^♦k* *L*D*+q«- G + * ^Fl++L* -e 
-ac -4 LVIr kRKVGVLLDI LQRTGHKGYVAFLESLELYYPQLYRKVTGKE 98 



Fi 3 . f A 



IOP81 domain 1 of 1. from i97 co 213: score 6.0, £ = 0.99 
* ->GEsLMraeDvraaireL<-' 

rac 197 3AALMRNRDLQLEVDQL 213 



F; 3 .4-B 



cvs rich FQFRt domain 1 of 1. from 285 co 338: score -LI. 7, £ - 5.2 
r ~ • »-> P eCKqevlrrqqesaerDyrLdpvLykaCksdIeicyCaeipnicesse 

+q+++++q+ ♦ ♦♦L a - * * C 
rac 285 EDWRQALQEHQEQAS-TIFSLRKDLRQA- -SALRTRCMEEK 322 

daaevgegqvl eCUnenkddee< - * 
e 1+CL led ♦ 
rac 323 EMF ELQ C LALRKDAKM 338 
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ACTATAGGGAGTCGACCCACCaSTrc 7 9 

M S D 3 

AGCCrrCCTGGTGTGTCTGCAGTCCA^ ATG TCC GAC ls2 

YENODECWMVLBGFRVTLT5 23 

TAC GAG AAC GAT GAC GAG TGC TGG AAC GTC CTG GAG GGC TTC CGG GTG ACG CTC ACC TCG 112 

vroPsa:T?irLRQCicvL»?o 43 

TTC ATC GAC CCC TCA CGC ATC ACA CCT TAC CTG CGG CAG TCC AAG GTC CTG AAC CCT GAT 172 

DEEQVLSOPMLVIRKRKVGV 63 

GAT GAG GAG CAG GTG CTC AGC GAC CCC AAC CTG GTC ATC CCC AAA CGG AAA GTG GGT GTG 332 

LLDILQRTGHKGYVAFLSoL 83 

CTC CTG GAC ATC CTG CAG CGG ACC GGC CAC AAG GGC TAC GTG CCC TTC CTC GAG AGC CTG 392 

ELYYPQ LVKKVTCKEPARVF 103 

GAG CTC TAC TAC CCG CAG CTG TAC AAG AAG GTC ACA GGC AAG GAG CCA GCC CGC GTC TTC 4S2 

SMIIDASGBSGLTQLLMTBV 123 

TCC ATG ATC ATC GAC GCG TCC GGG GAG TCA GGC CTG ACT CAG CTG CTG ATG ACT GAG GTC 512 

MKLQKKVQDLTAiLSSKDDF 143 

ATG AAG CTG CAG AAG AAG GTG CAG GAC CTG ACC GCG CTG CTG AGC TCC AAA GAT GAC TTC 572 

IKELRVKOSLLRKHQERVQR 163 

ATC AAG GAG CTG CGG GTG AAG GAC AGC CTG CTG CGC AAG CAC CAG GAG CGT GTG CAG AGG 632 

LKEBCEAGSRELKRCKEEMY 183 

CTC AAG GAG GAG TGC GAG GCC GGC AGC CGC GAG CTC AAG CGC TGC AAG GAG GAG AAC TAC 692 

DLAMRLAHQSEEKGAALMRN 203 

GAC CTG GCC ATG CGC CTG GCG CAC CAG ACT GAG GAG AAG GGC GCC GCG CTC ATG CGG AAC 752 

ROLQ LE IOQLKHS LMKACD9 223 

CGT GAC CTG CAG CTG GAG ATT GAC CAG CTC AAG CAC AGC CTC ATG AAG GCC GAG GAC GAC 912 

CKVERKHTLKLRHAMEQR.PS 243 

TGC AAG GTG GAG CGC AAG CAC ACG CTG AAG CTC AGG CAC GCC ATG GAG CAG CGG CCC AGC 372 

3 E L LWB L3Q3 KAL LQA RVQB 263 

CAG GAG CTG CTG TGG GAG CTG CAG CAG GAG AAG GCC CTG CTC CAG GCC CGG GTG CAG GAG 932 

LSASVQEGKLDRSSPYIQYL 283 

CTG GAG GCC TCC GTC CAG GAG GGG AAG CTG GAC AGG AGC AGC CCC TAC ATC CAG GTA CTG 992 

EEDWRQALRDHQEQAWTIFS 303 

GAG GAG GAC TGG CGG CAG GCG CTG CCG GAC CAC CAG GAG CAG GCC AAC ACC ATC TTC TCC 1052 

LRKDLRQGEAR 'RLRCMEEXB 323 

CTG CGC AAG GAC CTC CGC CAG GGC GAG GCC CGA CGC CTC CGG TGC ATG GAG GAG AAG GAG 1112 

MFELQCLALRKDSKMYKDRI 343 

ATG TTC GAG CTG CAG TGC CTG GCA CTA CGT AAG GAC TCC AAG ATG TAC AAG GAC CGC ATC 1172 

EAILLQMEEVAIERDQA, IAT 363 

GAG GCC ATC CTG CTG CAG ATG GAG GAG GTC GCC ATT GAG CGG GAC CAG GCC ATA GCC ACG 1232 

REELHAQHARGLQEKDALRK 383 

CGG GAG GAG CTG CAC GCA CAG CAC GCC CGG GGC CTG CAG GAG AAG GAC GCG CTG CGC AAG 1292 

QVRB LGEKADELQLQVFQCE 403 

CAG GTG CGG GAG CTG GGC GAG AAG GCC GAT GAG CTG CAG CTG CAG GTG TTC CAG TGT GAG . 1352 

AQLLAVEGRLRRQQLETLVL 423 

GCG CAG CTA CTG GCC GTG GAG GGC AGG CTC AGG CGG CAG CAG CTG GAG ACG CTC GTC CTG 1412 
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ssdl£dgs?3 = 3-qslsl?qd 443 

agc tcc gac ctc gaa gat ggc tca ccc acg agg tcc cag gag ctc tca ctc ccc cag gac 1472 

iedtqlso:<gc^agggs?:-:q 463 

CTG GAG GAC ACC CAG CTC TCA GAC AAA GGC 7GC CTT GCC GGC GGG GGG AGC CCG AAA CAG 1532 

PFAALHQEQVLRUPHDAGLS 483 

CCC TTT GCA GCT CTG CAC CAG GAG CAG GTT TTG CGG AAC CCC CAT GAC GCA GGC CTG AGC IS 92 

SGEPPSKBRRRLKBSFBWYR 503 

AGC GGG GAG CCG CCC GAG AAG GAG CGG CGG CGC CTC AAA GAG ACT TTT GAG AAC TAC CGC -652 

R K R A LRKMQXGWRQGZSORS 523 

AGG AAG CGC GCC CTC AGG AAG ATG CAG AAA GGA TGG CGG CAG GGG GAG GAG GAC CGG GAG 1712 

HTTGSDN-TDTBGS* S37 

AAC ACC AGO GCC AGC GAC AAC ACC GAC ACT GAG GGC TCC TAG 1754 



TCGGGCC CTri^TrA AOCGGCACTCATTTTCCGGACGCCATGCG 1991 
AACTTCAGGATCTGTTCTG TTTCAC CATGT AACACACAA CTG 2070 




1833 



GACTTCCC< 




tTCTGGTGCCCTGAAAGGCCCAGCCGGACTGCCGGGCAT 1912 



CGTAAATAAACAGCACGCGTGACCCGCA 
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CARD: dcmaxn 1 zi 1. from 7 : z 98: score -0.1. £ = :.3 5 

• ->aeadrr:irJcnrleilgeitisglLdhLlejcnvLceeee£kiicaknc 
. i«. r* i - • -s - • -vL*--*eE * - •» 
.-.CARD 9 " 2DEOWVLECFRVTLTSVIDPSRITPYLR0CKVLNPDDEEQVLSDPN 52 

err. . dkareLxDsvqkkGnqAfqiFlqaLretdqeliadlllde<- • 

-CARD9 54 LVIrkRXVGVLLDI LQRTGHKGYVAFLESLELYYPQLYKKVTGKE 98 



ICPSi -omain I zt I. from 1?7 r 3 z:3 : score 6.4. Z = 3.73 
• -><3EsLMraeDvraaireL<- • 

aCARD9 137 vAALMRNRDLQLEIDQL 213 

Fi«. 26 



cy«_ricix_rGrX! domain 1 3f 1. from 235 "0 328: score -12.1. £ = 5.7 
* ->peCkqevlrrqqesaerDyrLdpvLykaCksdIeky . Caeipnkess 
-qt>** ~q* *• ♦ •*L ♦<**♦ -**C 
-CARD9 335 EDWRQALRDHQEQ AN - T I FS LRKDLR ^GEARR L rCMEEK 322 

edaaevgegqvleCLmenkddee*- * 

e 1*CL kd** 
:-.CAR09 223 £MFELQCLALRKDSKM 3 28 
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51 DFNLVIIOTICVOTU-DILQRTGHXCTT^ 100 
101 RVFSMIIDASGESGLTQLLMTEVMKMKKVQDLTALLSSKDDPIKELRVK 150 

;||| I II III 1 1 1 III I II 1 1 Mil IMIIIiMIIIIIIMIIMIII I 

101 RVFSMIIDASGESGLTQLLOTEVMKMKKVQDLTAI^SKDDPIKEIJIW ISO 
151 DSLUUCKQERVQRIJCEECEAGSREIJCRCK£ENyDLAKRLAKQSEEXGA^ 200 
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151 DSLUUOiQERVQRIJCEECEI^SAEIJaiCKDQrnJIAMRI^^ 200 

201 MRNRDLQIJSXDQLKXSLMKAEDDCKV1ZRK 250 

IMIMIMMII Mlllllllll I Mill MIMIIMI llllllll :> 
201 MRNRDMLEVDQLJUISLMKAEDDCKVERKHT^ 250 

251 QQEKAIXGARVQELEASVQ EGKLDRS SPY IQVLEEDWRQALRDHQEQANT 300 

llh IIIIIMIII . I E 1 1 1 I Mllllllllllllll-Hllll-I 

251 QQERDLiQARVQELEVSVQEGKLHRNSPYIQVLEEDWRQALQEHQEQAST 300 
301 I FS LRKDLRQG EARRLRCMEEKEUP ELQCLALRXDS XMYKDR IEAI LLQM 3 SO 

IIIIIMIII l i I MIIIIIIIIIIIIIIIIIMIIIIIIIMI 1 1 

301 I?SLRXDIJlQA£A£JlTRCMEEKEMFE£^LA£JUCZ2AKMYKDRIEAXLQOM 350 
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401 QTESRLLAASGRLXQQQLOMLXLSSDLEDSSPRNSQEtSLPQDLEECAQL 4 50 

450 SDKGCLAGGGSPKQPFAAIJCQEQVLRNPHDAGLSSGEPPEKERRRLKESF 499 

MM II MMII I... ; II II I I < 1 1 1 : 1 1 1 1 I I 
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M ?• G ?. A E A G Z 3 

CCCCGTGCGOrrcrrCCCCGCAGACCC^GAGGACACGGCC ATG CCS GGC CGG GCG GAG GCG GGG GAG 57 

\E22A3A<3SGS£A.SSDAIfWS 29 

GCC GAG GAG GAG GCC GGG GCC GGC TCS GGG TCT GAG GCG GAG GAG GAC GCG CTG TGG GAG 127 

RIEGVRHRLARALMPAKLTP 49 

CGA ATC GAG GGC GTC CCG CAT CGG CTG GCT CGC GCC CTG AAC CCG GCC AAG CTC ACG CCG 187 

YLRQCRVZOBQD333 VLSTY 59 

TAT CTG CGC CAG TGC CGG GTC ATC GAC GAG CAG GAC GAG GAG GAG GTG CTG AGC ACC TAC 247 

R F PC RVMRTGRLMD Z LRCRG 89 

CGC TTC CCG TGC CGC GTC AAC CGC ACC GGG CGC CTG ATG GAC ATC TTG CGC TGC CGT GGC -07 

KRGY EAF LEALE F'/YPEHFT - 109 

AAG AGG GGC TAT GAG GCC TTC CTG GAA GCC CTC GAG TTC TAC TAC CCC GAA CAC TTC ACG 367 

LLTGQEPAQRCSMILDEEGP 129 

CTG CTC ACG GGC CAG GAA CCC GCC CAG CGC TGC TCC ATG ATC CTC GAT GAG GAG GGG CCT 427 

EGLTQFLMTEVRRLRSARKS 149 

GAG GGC CTG ACC CAA TTC TTG ATG ACA GAG GTG CGA CGG CTG CGG GAA GCT CGC AAG AGC 487 

QLQREQQ 7 -QARCR7LEEERA 169 

CAG CTG CAG CGG GAG CAG CAA CTG CAG GCC CGG GGC CGG GTG CTC GAG GAG GAG CGG GCA 547 

GL EQRLRDQQQAQSRCQRLR 189 

GGG CTG GAG CAG CGG CTG CGG GAC CAG CAG CAG GCT CAG GAG CGC TGT CAA CGG CTG CGG 507 

edweagslellrl kdenym: 209 

GAG GAC TGG GAG GCG GGC AGC CTG GAG CTG CTG CGG CTC AAG GAT GAG AAC TAC ATG ATC 667 

AMRLAQLSEEK.NSAVLRSRD 229 

GCC ATG CGC CTG GCA CAG CTC AGT CAG GAG AAG AAC TCG GCT GTA CTT CGC AGC CGT GAC -27 

LQ LAVDQLKLKVSRLEEECA 249 

CTG CAG CTG GCG GTG GAT CAG CTC AAG CTC AAA GTG AGT CGG CTG GAG GAA GAG TGT GCA 73T 

LL RRARGPPPGAESKEKEKS 269 

CTG CTT CGA AGG GCC AGG GGC CCG CCC CCT GGG GCA GAG GAG AAG GAG AAG GAG AAG GAG 347 

KEKSPDNVDLVSBLRAENQQ 289 

AAG GAG AAG GAG CCA GAC AAT GTG GAC CTT GTC TCT GAG CTG CGT GCT GAG AAC CAG CAG ?07 

LT ASLRELQEGLQQEASRPG 309 

CTG ACG GCG TCA CTG CGG GAG TTG CAG GAG GGC CTG CAG CAG CAG GCG AGC CGG CCG GGG 967 

APCSERILLDILEHDWREAQ 329 

GCC CCG GGC TCC GAG CGC ATC CTG CTG GAC ATC CTA GAG CAT GAC TGG CGG GAG GCG CAG 1027 

OS RQ E LCQKLHAVQGE LQWA 349 

GAC AGC AGG CAG GAG CTG TGC CAG AAG CTG CAT GCC GTG CAG GGG GAG CTG CAG TGG GCC 1087 

EELRDQYLQEMEOLRLKHRT 369 

GAG CAG CTG CGC GAC CAG TAC CTG CAG GAG ATG GAA GAC CTG CGG CTC AAG CAC CGC ACG 1147 

LQKDCDLYKHRMATVLAQLE 389 

CTG CAG AAG GAC TGT GAC CTG TAC AAG CAC CGC ATG GCC ACT GTC CTG GCC CAA CTG GAG 1207 

SI E KERDQAIQSRORIQLQY 409 

GAG ATT GAG AAG GAG CGA GAC CAG GCC ATC CAG AGC CGT GAC CGG ATC CAG TTG CAG TAC 1267 

SQS L ISKOQYRKQVRGLEAE 429 

TCA CAG AGC CTC ATC GAG AAG GAC CAG TAC CGC AAG CAG GTG CGG GGC CTG CAG GCG GAG 1327 
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a D ? 0 7 C ? A • S L -S- C S 2 L C ? S 389 

CSC CTG CAC TTC CAA GTC TGC CCA CCC GAA AGC CTC-TCT GGG GAG GAA CTC TGC CCA TCC 1707 

sa? ga?:<a-q?a7?glgsr:r ?09 

TCA GCG CCT GGA GCC CCC AAG GCT CAG CCT GCC ACC CCT GGG CTA GGC AGC AGG ATC CGG 2767 

\ I Q E SVG K.KHCLLE L G A R G V 929 

GCC ATC CAG GAG TCT GTT GGG AAG AAG CAC TGC CTG CTG GAG CTC GGT GCT CGG GGT GTG 2827 

3 g R v q m 2 I Y ? I V I H V S V T Z K ?49 

CGG GAG CGG GTG CAG AAC GAG ATC TAC CCC ATC GTC ATC CAC GTG GAG GTG ACT GAG AAG 2887 

jjVRSVRGLLGRPGWRDSELL 969 

AAT GTC CGG GAA GTC AGG GGT CTG CTG GGC CGG CCG GGC TGG CGG GAC TCA GAG CTG CTG 2947 

RQCRGSEQVLWGLPCSWVQV 989 

CGG CAG TGC CGT GGC TCA GAG CAG GTG CTC TGG GGG CTG CCC TGC TCC TGG GTG CAG GTG 3007 

PAHEWGHAEELAKVVRGRIL 1009 

CCC GCC CAT GAG TGG GGA CAC GCA GAG GAG CTC GCC AAG GTG GTG CGC GGC CGC ATC CTG 3067 

QEQARLVWVECGSSRGCP.SS 1029 

CAG GAG CAG GCC CGC CTC GTG TGG GTG GAG TGC GGC AGC AGC AGA GGC TGC CCC AGC AGC 3127 



5 S A 
AGT GAG GCC TGA 



1033 
3139 



GGCTCATCTGATACCTGCACCTrCTCCCCAAGCCAGCCTGGACCCTGCTGTCTATGGTGAAGCT 3218 

GAGCCTTCCTAGACCCTTGGACTCTCAG^^ 3297 

GCCGAGCCTATGGGACTCCCGGGACAGAGTGCCCACT 3 376 

TCTCCACATTCCCACT AGTGGGT CTT ATCTGTGTCTGTCTCTTCTCCTTAAACACTCG 34 55 

CTCTGCGCAGGTTTGCACACTCAAGTTCTCATGGGCAGG 3534 

GG ACCTGGGCCTGTTCTGCTCCT AGGAGACCTGAGCCCGTTACCGCCTG ACTCCCACCATC CTCG CG CT CCTCGTG 3613 

GATTCAGCCATGCATGGACTGGGCTGTTCCCTGGCCCATGGTCACCTCTGCCCCT 3692. 

TGGTTCTCTCCTCTGTAAATGTCACGCCCCACCCCTGTTT C ATGTGGG CACTAACACGTGTGCGTTCCTGGCGGGCACA 3771 

CACAGGACCGTGCCTCACAGGGCCCACTCCCTGarrATGCCTCC 3850 

TGAGAATGTACGGC CCG TGGATG ATTAACGGG CCTTTTTCACTTAGAAGCTGCACATT ATGGAG CATT AAACACTTTTG 3929 

TCATAAAAAAAAAAAAAAAA 3949 
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? . D 2 L £. " " - • 3 1 1 * G 7 :< * 1 1 2 449 

: — CAT GAG CTC CTG ACA ACG CTC ACC ACC CTG GAG- GCC ACC AAG GCT CTG CTG GAG GTT 1387 

Q L Q R A Q G G' 7 C - :< A C A S S H S L 469 

-AG CTG CAG CGG CCC CAG GGT GGC ACC TGC CTC AAG GCC TGT GCC TCC TCC CAT TCC CTG 1447 

~ 3NLS STMSLSS??S?«GG? 489 

TGC TCC AAC CTC AGC AGC ACT TGG ACC CTG AGC GAG TTC CCC TCC CCT CTG GGA GGC CCA 1507 

£ A T G £ A A V M G 3 r S ? H II S S ' 5 A =09 

GAA CCA ACT GGG GAG CCA GCT GTC ATG GGG GGA CCT GAG CCT CAC AAC TCC GAG GAA GCC 1S67 

- 0SEKEINRLSILPF??SAG S29 

ACA GAC ACT GAA AAG GAG ATC AAT CGG CTC TCC ATC CTG CCC TTC CCC CCC ACT GCC GGC 1627 

SIL RRQRE2DPAPPKRSFSS S49 

TCC ATC CTC CGC CGG CAG CCTGAG GAA GAC CCC GCA CCC CCT AAG AGA TCC TTC AGC AGC 1687 

NSDZTGSVTLKPWSPCLSSS 569 

ATG TCA GAC ATC ACA GGG ACT GTG ACA CTT AAG CCC TGC TCC CCT GGC CTC TCT TCG TCC 1747 

SSSDSVWPLGKPEGLLAR. *G C S89 

TCA TCC TCT GAC AGC GTG TGG CCT TTG GGA AAG CCC GAA GGC CTC CTG GCT CGG GGC TGT 1807 



D F 



MRSiAiavSGRSPPC 609 

GGC CTG GAC TTC CTC AAC AGG TCT CTG GCT ATT CGG GTC TCT GGC CGG AGC CCC CCA GGG 1367 

3 DgpQD KG ? D G • I* 3 F V G D R WS 629 

GGC CCA GAG CCG CAG GAC AAG GGA CCA GAT GGA CTG TCG TTT TAT GGG GAC AGA TGG TCT 1927 

GA VVRRVLSGPGSARMEPRE 649 

GGG GCT GTG GTG CGC AGG GTG CTG TCT GGG CCT GGG TCC GCC AGG ATG GAA CCA AGA GAG 1987 

qrVEAAGLEGACLEAEAQQR 669 

CAA AGG GTG GAA GCT GCT GGT CTG GAG GGG GCG TGC CTG GAA GCC GAG GCC CAG CAG AGA 2047 

TLL WMQGSTLPSLMDSKACQ 689 

ACC TTC CTC TGG AAT CAG GGG TCC ACA CTC CCC TCC CTG ATG GAC TCG AAG GCC TGC CAG 2107 

S FHEALSAWAKGPGAS ?F '£ 1 709 

TCC TTC CAC GAG GCC CTA GAA GCC TGG GCA AAG GGA CCA GGT GCC GAG CCC TTC TAC ATT 2167 

RANL TL?ERAD?HALCVKAQ 729 

CGT GCC AAC CTC ACC TTG CCT GAG AGG GCA GAT CCC CAT GCC CTT TGC GTG AAA GCC CAA 2227 

SXLRLVDSAYKRRQEWFCTR 749 

GAG ATC CTT CGA CTG GTG GAC TCG GCA TAC AAG CGG AGG CAG CAA TGG TTC TGC ACC CGG 2287 

, /D pLTLRDLDRGTVPMYQRA 769 

GTT GAC CCC CTC ACT CTG CGG GAC CTG GAC CGG GGC ACC GTG CCC AAT TAT CAG ACA CCC 2347 

qqLLEVQSKCLPSSRHRCPR 789 

•CAG CAG CTC CTA GAA GTT CAG GAG AAA TGC CTG CCC TCC AGC CGG CAC CGA GGC CCC CGC 2407 

SM LKKRA LDQLRLVRP KP V G 809 

AGT AAT CTG AAG AAG AGA GCC CTG GAC CAG CTG CGG CTG GTG AGG CCC AAG CCC GTG GGG 2467 

APA GDS?DQLLLSPCAEPER 829 

GCG CCT GCA GGG GAC TCC CCG GAT CAG CTG CTG CTG GAG CCC TGT GCA GAG CCG GAC CGG 2S27 

s L R p Y S L V R P L L V S A L R ? V V 84? 

AGC CTC AGA CCC TAC AGT TTG GTG CGG CCG CTA CTG GTG TCT GCC CTG CGG CCC GTG CTC 2S87 

LL PEC^APRLIRNI-LD^PSS 369 

CTG TTG CCT GAG TGC CTG GCC CCC CGC CTC ATC CCT AAC CTG CTA GAC CTG CCC AGC TCC 2647 
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CCACGCCTCCeCCOCGCCGCCCSCrcceCS^ "9 

CCSCXSCCCOra^ACGGAGGGCC^ - 5 8 

I7CGCGGAG CATG AG CGCCCCAG ATCCCAAGCACTGCAAGTCCACATGCAACOGGAGCCTGG CTCAAGGGAOGACAAGA C37 

TCCAGCCGGAAAGTGTAGAAGTCACACCCCAATGGCGGGATAGCAGCCCC^ 3 16 

M ' D 0 VM S 7 L 3COS S DA L W E 17 

3AGGGCCAGAG ATG GAT GAC TAC ATG GAG ACG CTG AAG GAT GAA GAG GAC GCC TTG TGG GAG :78 

fjVBCWRHMLSRY*XH?AKLTP 37 

AAT GTG GAG TGT AAC CGG CAC ATG CTC AGC CGC TAT ATC AAC CCT GCC AAG CTC ACG CCC 4 38 

v L R Q C K V I D £ Q D E D 2 V L N A P 57 

TAC CTG CGT CAG TGT AAG GTC ATT GAT GAG CAG GAT GAA GAT GAA GTG CTT AAT GCC CCT 498 

MLPSKIMRAGRLLDILHTKG 77 

ATG CTG CCA TCC AAG ATC AAC CGA CCA GGC CGG CTG TTG GAC ATT CTA CAT ACC AAG GGG 558 

qrGYVVFLESLEFYYPELYK 97 

CAA AGG GGC TAT GTG GTC TTC TTG GAG AGC CTA GAA TTT TAT TAC CCA GAA CTG TAC AAA 618 

LVTOKSp'tR. ?. FSTIVVS3GH 117 

CTG GTG ACT GGG AAA GAG CCC ACT CGG AGA TTC TCC ACC ATT GTG GTG GAG GAA GGC CAC 678 

KGLTKPLMNSVXKLQQQHKA 137 

GAG GGC CTC ACG CAC TTC CTG ATG AAC GAG GTC ATC AAG CTG CAG CAG CAG ATG AAG GCC 738 

KDLQRCELLARLRQE.EDEXK 1S7 

AAG GAC CTG CAA CGC TGC GAG CTG CTG GCC AGG TTG CGG CAG CTG GAG GAT GAG AAG AAG 798 

QMTLTRVELLTFQERYYKMK 177 

CAG ATG ACG CTG ACG CGC GTG GAG CTG CTA ACC TTC CAG GAG CGG TAC TAC AAG ATG AAG 358 

SERDSYMDSiVKVKDDMYML 197 

GAA GAG CGG GAC AGC TAC AAT GAC GAG CTG GTC AAG GTG AAG GAC GAC AAC TAC AAC TTA 918 

AMRY AQL5SSKSIMAVMRSRD 217 

ZCC ATG CGC TAC CCA CAG CTC ACT GAG GAG AAG AAC ATG GCG GTC ATG- AGG AGC CGA GAC 978 

^QLSIDJ-EHRLMEMESSCK 237 

CTC CAA CTC GAG ATC GAT CAG CTA AAG CAC CGG TTG AAT AAG ATG GAG GAG GAA TGT AAG 1038 

LBRHQSLXLXNDXBffRFKXE 257 

CTG GAG AGA AAT CAG TCT CTA AAA CTG AAG AAT GAC ATT GAA AAT CGG CCC AAG AAG GAG 1098 

QVLELERENSMLKTKMQELQ 277 

CAG GTT CTG GAA CTG GAG CGG GAG AAT GAA ATG CTG AAG ACC AAA AAC CAG GAG CTG CAG 11S8 

SXIQAGKRSLPDSDKAILDI 297 

TCC ATC ATC CAG GCC GGG AAG CGC AGC CTG CCA GAC TCA GAC AAG GCC ATC CTG GAC ATC 1218 

L2HDRKEALEDRQSLVNRIY 317 

TTG GAA CAC GAC CGC AAG GAG GCC CTG GAG GAC AGG CAG GAG CTG GTC AAC AGG . ATC TAC 1278 

MLQBEARQASEL ROKYLESK 337 

AAC CTG CAG GAG GAG GCC CGC CAC GCA GAG GAG CTG CGA GAC AAG TAC CTG GAG GAG AAG 1338 

SDLELKCSTLGXDCSMYKHR 357 

GAG GAC CTG GAG CTC AAG TGC TCG ACC CTG GGA AAG GAC TGT GAA ATG TAC AAG CAC CGC 1398 

MNTVMLQLEEVERSRDQAFH 377 

ATG AAC ACG GTC ATG CTG CAG CTG GAG GAG GTG GAG CGG GAG CGG GAC CAG GCC TTC CAC 1458 

SRDEAQTQYSQCLIEKDKYR 397 

TCC CGA GAT GAA GCT CAG ACA CAG TAC TCG CAG TGC TTA ATC GAA AAG GAC AAG TAC AGG 1518 
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AAG CAC ATC CGC oL CTC GAG GAG AAG AAC CAC GAG ATG AGG ATC GAG ATG GTG CGG CGG :S78 

GAG GCC TGC ATC GTC AAC CTG GAG AGC AAG CTC CGG CGC CCC TCC AAG GAC ACC AAC AAC 

CTG GAC CM AGT CCG CCC AGG AAC CTG CCA GTA ACC ATC ATC TCT CAG GAC TTT GGG GAT 1598 

GCC AGC CCC ACC ACC AAT GGT CAA GAA CCT GAC GAT TCT TCC ACC TCG GAG GAG TCA CCT ^ 

GAA GAC ACC AAG TAC TTC CTG CCC TAC CAT CCG CCC CAG CCC AGG A^G AAC CTG AAG GGC ,818 

c LKRTSD-FQA S17 

ATC CAG CTG OB AGA GCC AAA TCC CCC ATC AGC CTG AAG CGA ACA TCA GAT TTT CAA GCC 1878 

rTDASPSSCGSL ?: 537 

AAG GGG CAC GAG GAA GAA GGC ACG GAC GCC ACC CCT AGC TCC TGC GGA TCT CTG CCC ATC 1938 

ACC AAC TCC TTC ACC AAG ATG CAG CCC CCC CGG AGC CCC AGC AGC ATC ATG TCA ATC ACC 1998 

v 3 R y :< s D A ? R 377 

GCC GAG CCC CCS GGA AAC GAC TCC ATC GTC AGA CGC TAC AAG GAG GAC GCG CCC CAT CGC 2058 

AGC ACA CTC GAA GAA GAC AAT GAC AGC GGC GGG TTT GAC GCC TTA GAT CTG GAT GAT GAC 2118 

ACT CAC GAA CGC tL TCC TTC GGA CCC TCC TCC ATC CAC TCC TCC TCC TCC TCC CAC CAA 2178 

ecrLDA-'OLBaVN^MFRKFS 637 

TCC GAG GGC CTG GAT GCC TAC GAC CTG GAS CAG GTC AAC CTC ATG TTC AGG AAG TTC TCT 2238 

- „ B-opSVTSVCHVRGPGP 6S7 

C^G GAA AGA CCC TTC CGG CCT TCG GTC ACC TCT GTG GGG CAC GTG CGG GGC CCA GGG CCC 2298 

- „„„--:•! G D 3 T S Q *- T u L G 577 

TCG GTG CAG CAC ACG ACG CTG AAT GGC GAC AGC CTC ACC TCC CAG CTC ACC CTG CTG GGG 2358 

GGC AAC GCG CGA GGG AGC TTC GTG CAC TCG GTC AAG CCT GGC TCT CTG GCC GAG AAA GCC 2418 

GGC CTC CGT GAG GGC CAC CAG CTG CTG CTG CTA GAA GGC TGC ATC CGA GGC GAG AGG CAG 2478 

BLD-CTKE^AHWTIQRCS 737 

ACT GTC CCG TTG GAC ACA TGC ACC AAA GAG GAA GCC CAC TOG ACC ATC CAG AGG TGC AGC 2538 

r. a utLH^KVNKBGVRKL VKO 757 

GGC CCC GTC ACG CTG CAC TAC AAG GTC AAC CAC GAA GGG TAC CGG AAG CTG GTG AAG GAC 2598 

-ncL-TSGDSFY lRLNLN: 777 

ATO GAG GAC GGC CTG ATC ACA TCG GGG GAC TCG TTC TAC ATC CGG CTG AAC CTG AAC ATC 2858 

LD . C -KS LKC DDVVHVR 797 

TCC AGC CAG CTC GAC G~ TGC ACC ATG TCC CTG AAG TGT GAC GAT GTT CTG CAC GTC CGT 2718 

n-MYODRHSW?CARVO??TD 317 

GAC ACC ATG TAC CAG GAC AGG CAC GAG TGG CCG TGC GOG CCG CTC GAC CCT TTC ACA GAC 2778 

u , r.D MOT-I PS YSRAQQLLLV 337 

CAT GAC CTG GAT ATC GGC ACC ATA CCC AGC TAC AGC CGA GCC CAG CAG CTC CTC CTG GTG 2838 
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- - e n ^ r D G T H H T 357 

AAA CTC CAG CZC CTG ATC CCA CGC ACC COO 0^ G^G OTA GAC COC ACC CAC CAC ACC Z333 

0?-?AL3TSD?a 877 

;TC COO OCA CTC COO AAC ACC CTO CAG CCO OAA GAA OCO CTT T=A ACA AOC OAC CCC =00 =333 

. - GQL r -Q ?v 3 397 

3-fC AOC CCC COT CTC TCG CCA GCA AGC TTC CTT TTT GGC CAO CTC CTT CAO TTC GTC ACC 3013 

^'-.u-gV&XZSG 917 

AGO TCC cL AAC AAC TAT AAG CCC ATG AAC AOC AAT CAC COO OTC COC ATC ATC TCO GOG 30,3 

e-*RSSLDATK.^LTSK 937 

ACT CCG CTA GGS AGC CTC GCC CGG TCC TCG CTG GAC GCC ACC AAG CTC TTO ACT GAG AAG 313B 

-lgknls^ iPYS 957 

CAG GAA GAO CTG GAC CCT GAG- AGC GAG CTG OGC AAG AAC CTC AGC CTC ATC CCC TAC AOC 3133 

CTC OTA CGC GCC TTC TAC TCC GAG CGC CGC CGG CCC GTG CTC TTC ACA CCC ACC O^O <*C 3333 

GCC AAG ACG CTG CTG CAG AGO CTG CTC AAC TCG GGA GOT GCC ATC GAG TTC ACC ATC TOO 33X3 

- d -,-flrrQK- et:i 1017 

AAG TCA GAT ATC GTC ACA AGA GAT GAG TTC CTC AGA SGG CAG AAG ACG GAG ACC ATC ATC 3373 

3 „ x - * c T A P A H I 2 A 1037 

TAC TCC CGA GAG AAC AAC CCC AAC CCG TTC GAA TCC ATC GCC CCT GCC AAC ATT GAA OCT 3*33 

GTC GCC GCC AAG AAC AAG CAC TGC CTG CTG GAG GCT GGC ATC GGC TGC ACA AGA GAC TTC ,X 

vi ctrVCSKMIX 1077 

ATC AAG TCC AAC ATC TAC CCC ATC GTG CTC TTC ATC. CGG OTC TCT GAG AAG AAC ATC AAG 3SS3 

, n o9E^EE£Pt-RVCR 1037 

AOG TTC AGA AAG CTG CTO CCC CGG CCT GAG ACG GAG GAG GAG TTC CTG CGC GTG TGC COG 3*13 



CTC AAG GAG AAG oL CTO GAG GCC CTC CCG TGC CTG TAC GCC ACG GTC GAA CCT GAC ATG 3.73 

•/KDK^S^SQ* 1137 

TCC CGC AGC OTA GAG GAG CTC CTC CCC CTT CTC AAC CAC AAG ATC CCC CAC CAG CAC CCC 3733 

1143 

KTIMVDSDQL* 3771 
AAG ACC ATC TCG GTC GAC GAG GAC CAG CTC TCA 

GGCGGCTCCCCTGGGCAGAGAGACTCTGTCGCGCGGGGCATCCTATC 38S ° 

(msoaa^TCCTGT^ 3929 

CTCX5TGCCTCGGGAGGAGCAGGGTACAGCCCATTCCCCCAGCCCTC <°° 8 

CTTAGCAGGG^CAGCGGAGC^ " 87 
GTTGAATCTAATGCTCGGGACAGGCATCCTCCCGCCAGTAGGGCCGGGACCCGGAC^ 

GGACACACTCACCATAAACACATCCCCAGGCAGGACAGATCGGGGAAGGGGT <" S 

4276 

7TAAAATCTATTATTAAAAAAAAAAA AA AAA 
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■Antigenic moex • Jameson-Wolf 
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CARDs domain 



i of 



1, from- 12 to 103: score 1.0, Z - 0 .26 
*->aeddrrilrknrIeilgeltlsglLdhLleknvLteeee£kikaknt 



hCARDll 12 ZDALWE2T7ECNRHMLSRYINPAKLTPYLKQCKVI DEQDEDEVLNAPM 58 



hCARDll 



err. ,dkareLiDsvqkkGnqAfqiFlqaLrecdqelladlllde<-* 
-a -+D++ +kG+ * +F1++L+ -ei++ - re 
59 LPSkiNRAGRLLDILHTKGCRGWVFLESLEFYYPELYKLVTGKE 103 



Fi,. |7/i 



PMt domain 1 of 1. from 635 to 747: score 5.2. E = 0.39 

*->eitlekevkrgglGfsikggsdk 

+ ^le** s * 

hCARDll 635 KFSLERP FRPSVTSVGhvrgpgpsvqhttlngdsl tsqlt 674 

giwsevlpGsgaAeagGrUceGDvIlsvNG qdve 

*g +v *v pG + Ae**G L*eG+++l G 
hCARDll 675 HggnarGSFVHSVKPG-SLAEKAG-LREGHQLLLLEGcirgerqsVPLD 722 

nmsheravlaikgsggevcLtvlRd<- • 
+ e+a i + **g+vcL - + 
hCARDll 723 TCTKEEAHWTIQRCSGFVTLHYXVN 747 



Quanyiatajclat domain 1 of 1, from 1003 to 1091: score -34.1. E = 0 . 58 

♦ ->TRpVpRpgEvdGkdYhFVssrEemekdIaaneFl£ygef qg . nyVGT 
TR+ >P+ r ' «■ e I e ^ 
hCARDll 1003 TRD EFLR-RQKTETIIYSRE — KNpNAFEC 1029 

slet . vrqvakqgKiciLDvepQgvkrlrtaelsNPivvFIaFpSlqeie 
+ +va«*+-K*c+L+ * - 1 * * Piv+FI* - 

hCARDll 1030 XAPAnlEAVAAKNKHCLLEAGIGCTRDLIKSNIY- PIVLFIRVCE- KNIK 1077 

krLegr . nkes£es< - • 
+ «»+*-*e-*Ee-* 
hCARDll 1078 RFRKLLpRPETEEE 1091 
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CARD II DNA (ng) 
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WB : Flag 



WB : Myc 

IP : Flag 
WB:Myc 



— Flag-BcllO 



Myc-CARDll/CD+CC 

Myc-CARDll/CC 

— Myc-CARDll/CD+CC 



+ _ + - + Flag-BcllO 

+ + . Myc-CARDll/CD+CC 
. . + + Myc-CARDll/CC 
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Vector +Bc»0 
Vector +CDU 
BcllO + CDll 
Vector + CD 11/ no CARD 
BcllO + CDll/ no CARD 
Vector + Be! 10 
Vector + CD 14 
BcllO + CDU 

Vector + CD14/ do CARD 
Vector +CD14/ no CARD 



